On TCP Performance in an Heterogeneous Network: A Survey by Barakat, Chadi et al.
HAL Id: inria-00072928
https://hal.inria.fr/inria-00072928
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
On TCP Performance in an Heterogeneous Network: A
Survey
Chadi Barakat, Eitan Altman, Walid Dabbous
To cite this version:
Chadi Barakat, Eitan Altman, Walid Dabbous. On TCP Performance in an Heterogeneous Network:
A Survey. RR-3737, INRIA. 1999. ￿inria-00072928￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
On TCP Performance in an Heterogeneous Network:
A Survey
Chadi Barakat — Eitan Altman — Walid Dabbous
N° 3737
July 1999
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65
  
			! "	#	$	%'&)(	! +*,"-/.10
23%54	76
8:9;=<>$?@;=AB;=C+;EDGFIHJ>KD;=LNMPOKDRQS;=LFT);EOU>V<NWX;=YY[Z]\^
_a`cbRdGegfihkjilmneporq]steRumnv=mwunbRdGem
xynzr{weRu|~}Kmwuwyor$jz=ez
j:orzywue@yne`ceRynn`ce"hqvfphkX5orem
!p _a`cegceRuwyorcmwd/}Kmnmn}KzNdGe]}Voqcmeunzuwyorcmwzywu' ¡+uneRywceRuPuwyo¢gGynemneREu
]}¤£IeRyneR+u:n`5oryoRuneRyw}Kmwuw}Kmi¥¦ynzd§uw`ce¨ceRu¡©zywª«_¬­x,}KmuwqceSunz®¯_a`}Kmiynemwqunm}~oGeRyo°
coruw}Kzg}Guw`ceaeRy±¥²zywdgorcezr¥uw`ceaynzunz=z5}/uneRywdGm¯zr¥ynemnzqyneJquw}³´oruw}KzµorcXuwyorcm±¥²eRy
eRVopv®|¶or+v·©zywª]mG`5op¸eSmwuwqc]}Ke1uw`ce«eRy±¥²zywdgorce«zr¥@uw`ceynzunzEzizp¸eRyguw`cemeµceR
uwyorcmnd/}Kmnmw}KzdGe]}Vo]®¹_a`ceSdgo{±zyw}u¡vºzr¥3uw`cemne«­zywª=mg©eRyne~}+uneRynemwune,}o¶5orywuw}KRqVory
eRE¸E}ynzdGeREumwqc`omGo¶moruneR}uneµceRu»­zywª1zygo¼dGz½}KeµceRu»©zywª®1¾¿Voryweµ+qd'½eRygzr¥
mzquw}Kzcm`5o¸e¨½eeR«ynzzmneµunz/}d/ynz´¸e'_¬­xeRy±¥²zywdgorce®¯ ¡uw`}Km5oreRyp]©emwqdX°
dgoryw}³peuw`cedgor}·ynz½KeRdGmXzr¥_¬­xorcÀuw`cegynzzmne·mnzquw}Kzcmp®¼_a`cezyw}}5or}u¡vÀzr¥
uw`}Kmi©zywªS}Kmuw`5orui©ePzc]qcRu:uw`cemwuwqc]v}ceReRceR+uwv~zr¥$uw`ceceRu»­zywª«u»v=e® ¡cmwunepo
zr¥7uorª=}gor½zqu5orywuw}KRqVoryuwyorcmwd/}Kmnmw}KzSmnqzywunmp]­e¨zcmw}KeRyuw`ce']}¤£eRyneREuzmmw}½Ke
`5oryoRuneRyw}Kmwuw}Km3zr¥$uw`ce'zceRuw}Kz¶5oruw`Á®JÂ
ePmwuwqc]vuw`ceR¼uw`ce'eB£IeRuizr¥$uw`cemnePn`5oryoRuneRy±°
}Kmnuw}KmJzµ_¬­xºdGen`5or}KmwdGmp®©_a`}Kmor5orv=mn}KmaeRywd/}unmJqcmaunzPynemneREuorqceRynmwuorc]}gzr¥
_¬­xNynz½KeRdGmpuw`ce}d/}uoruw}Kzcm¯zr¥uw`ceoRuwq5or5mnzquw}Kzcm­orc/uw`ceayneÃ+q}ynegdGzE]}¤Ä5poruw}Kzcm
unzXKeRui_¬­xze@J}uw`~or«`ceRuneRynzeRcezqcm: »EuneRywceRuizSorSeRc=°Åunzr°»eRcS½5omw}Kmp®
Æ«ÇÈÉnÊË Ì! _¬­xÍ!Kz´orc¬­zemnuw}KzÎ¬­z+uwynzÅ@Ïywynzyz+uwynzÅ@x!eRy±¥¦zywdgorce
x$ynz½KeRdGmp"Ð=zquw}Kzcmp®
   23%"4	76 &%'n	&	"!	&P	  i'& %P&5	%
	
! "#$'	
    em©czq¸eporq]smwqzywunm©euwyorcmwd/}Kmnmw}Kztquw}}Kmnlm©zqy­uwyorcmwzywuneRy©KeuwyoÄ5
 ¡+uneRywceRuynlmneR+uneREu:emporyoRunlRyw}Kmnuw}KÃ+qcem:]}¤£lRyneREunem]q«ynlmeporqzqyKeÃEqceR[_¬­xoXlRunl
zRqÁ®¹¬­eR}:oynlmwqunl«eRqceSlRyocoruw}KzeeRy±¥²zywdgorceS]qynzunz=zKeSeRuneRywdGe
 quw}}Km oruw}Kz·em'ynemnmnzqynem'eRuP]qNuneRd/cmPe/uwyorcm±¥²eRywup®µxqcmw}KeRqynmuwyo¸orq]sNz+uXlRuwqc]}Kl
Kem­eRy±¥¦zywdgorcemae@_¬­x1eRtynlmneRce@e:em­czq¸eporq]sµmwqzywunmaeiuwyorcmwd/}Kmnmw}KzÁ®  o
q5orywuteemGuwyop¸orq]sºmne«mz+uG}EunlRynemnmnlmqmwqzywu/5orywuw}KRq}KeRytzd/dGeq}KeR
m oruneR}uneizq½}KeRqt}KeRguneRywynemwuwyne@morcm$ÄcÅ®yorcgczd½yne@eimnzquw}Kzcm­z+uJlRunlynzr°
zmnlemJzqy:ordGlR}KzyneRyiVoXeRy±¥¦zywdgorce]qSynzunz=zKe® 3orcmie3yorzywup"z«ynlmwqdGe'Kem
yw}cR}5orq]s¼ynz½KbRdGem3eX_¬­x¹eRuiKem@mnzquw}Kzcm@ynzzmnlemp®   zyw}}5or}unl/ePePuwyo¸or}
emnuiÃEq! }!olRunl¨dGeRcl}clReRccord/dGeREu¨]q~u¡vEe']q¶mwqzywu:e'uwyorcmwd/}Kmnmw}KzÁ®i¾q~}KeRq
e¨5orywKeRye¨eRywuor}cm:mwqzywunm´zSzcmw}KbRyne¨Kemi]}¤£lRyneREunemiporyoRunlRyw}Kmnuw}KÃ+qcemzmnmn}½Kem
]qº`ceRd/}ºuwyo¸eRynml5ory/Vo¶zceBs=}Kz,_¬­x®#"iºlRuwqc]}KeSeRcmwq}uneµ$ eB£eRuGeemgporyoB°
unlRyw}Kmnuw}KÃ+qcem3mwqy:Kem@dGlpor}KmwdGem3eX_¬­x!®   or5orv=meczqcm¨oeRywd/}Km3ezd/yneRc]yneGKem
¸=yor}Kmynz½KbRdGem:e'_¬­x!cKem}d/}uoruw}Kzcm@emmnzquw}KzcmiynzzmlemeRuKemidGzE]}¤Ä5poruw}Kzcm
clemmor}ynem'zqy'yneRc]yne_¬­x por5or½KeeGm% ocoruneRy&«qNynlmneporqÀ`clRunlRynzbRcegunzquPeR
ynemneRuorEuKe3yw}cR}e¨e@½zquieR½zqup®
' Ë p É )(  · _¬­x!7¬­zEuwy+*Kege&,cq]s
eRu'egzemwuw}KzÁ$¬­z+uwy+*Keg eRywyneRqynm´x!eRy±¥¦zy±°
dgorce5xynz½KbRdGempÐ=zquw}Kzcm´®
 	

 
   " X%'[ ni
_a`ce  "! !#$%&'()&*+,(- _¬­x/.10 243]Vov]m$oiRywqcR}Vor]ynzKea}Puw`ceazeRyoruw}KzGzr¥
uw`ce' »EuneRywceRup®© ¡uynzp¸=}Kemio/yneR}Vor½Ke'zceRuw}Kz]°»zyw}KeR+une¼}]°»zyneRyiuwyorcmwzywu:mneRyw¸=}Ke3unz
dgorEvzr¥5unz=cov  m$or}Kporuw}Kzcm - Â
eR½ÁÏ$dgor}ÅÍ!uwÁ_[eRceRup65:eRmpeRun®7.B®7¾iKmnzr}u!ynz´¸E}Kem
oXzEuwynz[zr¥7uw`ceR}y ,5zpmmzGomJunzGo¸z}K«zemnuw}KzS}uw`ce@ceRu»­zywªSorczp¸eRywKzo¼oruJuw`ce
yneeR}¸eRyp®¼Â}uw`Àuw`cetmw}d/Ket½emwueB£IzywuPmeRyw¸E}Keynzp¸=}Ke·½+v
uw`ceµ ¡+uneRywceRuXVoveRyp$_¬­x
dqcmwuG½e«or½Keunz
zeJ}uw`ºuw`ce«]}¤£IeRyneR+un`5oryoRuneRyw}Kmwuw}Kmµzr¥@uw`ceuwyorcmwd/}Kmnmw}KzdGe]}Vo
¥²zywd/}/uw`ce3 ¡+uneRywceRupunzXynz´¸E}Ke'oz=zEµmneRyw¸=}Ke@unzGor}Kporuw}KzcmiorcµunzXqcme:eB¢gR}KeREuwv
uw`ce~o¸or}Vor½KeynemnzqynemG}uw`ceceRu»­zywª®¾au/uw`ce½eR}}c­_¬­x`5omGmwqceeeunz
ozd/}Kmn`
uw`cemne/uomwª]mp®8:zp­eR¸eRypuw`ceX}cRynepomeG}uw`ce/`ceRuneRynzeRceR}u¡vNzr¥­uw`ce/ ¡+uneRywceRu
`5om©porqcmnego3meR¸eRyneeRyocoruw}Kzt}G}unm$eRy±¥¦zywdgorce® ¡+uneRywceRu©uwyo¢g}Kmcz´,porywyw}Keg½+v
ceR uwyorcmnd/}Kmnmw}KzdGe]}VoµJ}uw`
zd/KeRuneRv]}¤£IeRyneR+u'`5oryoRuneRyw}Kmwuw}Km¨¥¦ynzduw`ceXceRu»­zywª
_¬­x¼}Km[uwqce'unz®98}`Pmwee¨}ª]m - Í!}½eRy "iuw}K+.BrKz@orc'¸oryw}Vor½Ke­eRVov'5oruw`cm -*: Ï "
orc  Ï " moruneR}une@}ª]m .B=Kzmnmwvg}ª]m - Â}yneRKemnmaceRu»­zywª=m .B"omwvEd/dGeRuwyw}K@5oruw`cm - 8v=½yw}K
m oruneR}uneJceRu»­zywª=m .¯orcGzuw`ceRynmp=oryneJ½ezd/}'J}KeRvXeRd½eeg}Guw`ceJ ¡+uneRywceRup®|¶or+v
ynemeporynn`ceRynm`5op¸e
mwuwqc]}Ke)½+veBs=eRyw}dGeR+uoruw}Kzcm	0 ;c=<]>2]3f@?]:ff+:fp]>A43»@or5orv=uw}Kpor
dGz=eR}0CB]]f´=4A?BD35orcPmn}d'qVoruw}Kzcm>0f=f@<]]f@2]4ABA4;5]4;cf3»uw`ce©eRy±¥²zywdgorce
zr¥_¬­x¶}uw`}Km!ceR1eR+¸=}ynzdGeR+up®¯Ð=zdGeazr¥5uw`ce©©zywª]m7`5o¸e©¥²zERqcmnePzPuw`ce©eRy±¥²zywdgorce
zr¥_¬­xz¼oPeRceRyor[5oruw`Szr¥$oXeRywuor}~`5oryoRuneRyw}Kmwuw}K®©¾i«eBscord/Ke¨zr¥$mwqcn`«­zywª=mioryne
uw`czme@or}d/}/unzP}d/ynz´¸e3uw`ce:Kzmnm­ynezp¸eRywvpor5oR}u»vµzr¥_¬­xE0fp]4;3»® "iuw`ceRynmJ`5op¸e
or5orv=³peµuw`ce3ynzunz=zI}SoP5orywuw}KRqVoryeR+¸=}ynzdGeR+u:mwqcn`¼omÐ]oruneR}une3ceRu»­zywª=mF0 A43»
|¼z½}Ke$ceRu¡©zywª]m>0C2]+ff3»eRun®!_a`cemne$­zywª=m!`5op¸e©mw`cz´JPmzdGe¯ynz½KeRdGm!}'uw`ce­zeRyoruw}Kz
zr¥¨uw`ceSynzunzEzÅ®  z·ynz5or+oruw}Kz eRVov,orcKzmnmnemtzo
m oruneR}uneS}ªJ`5orczp¸eRy
orc¼¥Åo]}µ}NoJ}yneRKemnm3ceRu»­zywª[½5orc]J}K]uw`Àomwv=d/dGeRuwywv~}mnzdGeXdGe]}Vo]orczuw`ceRy
`ceRczdGeR5o]`5op¸e­½eeRPmw`czpJPunz:o£IeRumeRyw}Kzqcmwv3uw`ce¯uw`ynzq`quzr¥"o_¬­x¼zceRuw}KzÁ®
|¶or+v
mzquw}Kzcm`5op¸et½eeRÀynzzmneÀunz~}d/ynzp¸etuw`cegeRy±¥²zywdgorcezr¥_¬­x!®$Ð=zdGezr¥
uw`ceme:mzquw}Kzcmaynzzmne@dGz=]}¤Ä5poruw}KzcmJunzX_¬­xorzyw}uw`dGmJunzP`ceRuw`ce:ynzunz=z[ocoru
}unmeR¤¥aunzSuw`cemneGceR5oruw`cmG0f+HAI;c9<]]¯fp]9A4;cJAB]9A2]43»®µ_a`ceRvynemweRu'uw`cegdgor}
yw}cR}KeNzr¥X_¬­x!ioreRc=°Åunzr°»eRcynzunzEzPor½Keunz qcmne
eB¢gR}KeREuwv¹uw`ce¶ynemnzqynemSzr¥
orEvSª=}c~zr¥©ceRu»©zywª]mp®¨_a`ceXzuw`ceRy3mnzquw}Kzcm@ªeeR¶uw`cePynzunzEz7qc`5ore
orc~uwywv~unz
}d/ynz´¸e«uw`ceeRy±¥²zywdgorce½+v `}K]}
uw`ceynz½KeRd¥ ynzd_¬­xK0 ]L2]f@?]ffLAc$A43»®
:mwq5orv=dGz=]}¤Ä5poruw}Kzcma}cmw}Ke:uw`ceiceRu¡©zywªoryne:ynzzmneorctuw`cemneidGzE]}¤Ä5poruw}Kzcm¸orywv
ozyn]}unzXuw`ce3ynz½KeRd§unz/`}Ke®
 »Puw`}Km75oreRyp©eamwqd/dgoryw}³peauw`cea]}¤£eRyneREu©zywª]m$z/_¬­x¶eRy±¥²zywdgorce® "iqy$or}d }Km
unzPzc]qcRuJuw`ce@mwuwqc]vG}ceReRceR+uwvzr¥[uw`ce:u»v=eizr¥[uw`ce:ceRu¡©zywªµporqcmw}Xuw`ceiynz½KeRd«®
 ¡cmwunepo~zr¥$uorªE}µor½zqui5orywuw}KRqVory@eRE¸E}ynzdGeREunmp©ezcmw}KeRy:uw`ce]}¤£IeRyneR+u:zmmw}½Ke
`5oryoRuneRyw}Kmwuw}Km@zr¥o/5oruw`~Rynzmnmne«½+v«o/_¬­xzceRuw}KzÁ®©Â
e'n`5oryoRuneRyw}³peuw`ce35oruw`~zr¥
MJMONPQRQR
;   4& ( &'  	
F )
o¨zceRuw}Kzt½EvP¥¦zqy­Ã+q5orEuw}uw}Kem7uw`ceJorc]J}K]uw`]° @eRVovtxynzE]qcRu -  :x1.Buw`ceynz5or+o°
uw}Kz¼eRVov"uw`ce¨yorunezr¥7Kzmmnemczu:porqcmne«½Ev«zemwuw}Kz¼orcSuw`ce'eRyneePzr¥7½5orc]J}K]uw`
omnvEd/dGeRuwywv1½eRu»­eeR,uw`ce«¥¦zywaorynorcuw`ceSyneR¸eRynmne~]}yneRuw}KzÁ®­vaorc]J}K]uw`]° @eRVopv
x$ynzE]qcRu -  @x/.zr¥¯oX5oruw`Á"©edGeporSuw`ce¨ynz=]qcRuizr¥uw`ce  &#&'( 
 
  %! & z~uw`}Km
5oruw`©uw}dGem­uw`ceiu»­zr°Å­ovµynz5or+oruw}KzeRVov®$Â,}uw`tuw`cemne¥¦zqyaÃ+q5orEuw}uw}Kemp=©e3oryne@or½Ke
unz3mnuwqc]v'uw`ceJeB£IeRu$zr¥"uw`ceJ]}¤£IeRyneR+u$ceR1uwyorcmwd/}Kmmw}KzGdGe]}Vo@zG_¬­x
eRy±¥²zywdgorce®!Í5zy
eR¸eRywv¼Ã+q5orEuw}u»vI­eXmwuwqc]vS}unm:}d/5oRu¨z_¬­x)dGen`5or}KmwdGmorc~`cz´ d'qc`}u:}d/5or}ynm
uw`ceeRy±¥¦zywdgorceµzr¥uw`ceynzunzEzÅ®
Ð=zquw}KzcmXynzzmneÀunzSyne]qcetuw`ce}d/5oRuXzr¥iuw`}Km
ÃEq5or+uw}u¡v"oryne3ynemeR+uneceBs]uunzXuw`ce3ynz½KeRd«®
 »tuw`ce:ceBs=uamneRuw}KzÁ]©e:ynemneREuortz´¸eRyw¸E}KeR zr¥!_¬­x1dGen`5or}KmwdGmorcorzyw}uw`dGmp®
_a`ce:¥²zKzpJ}G¥¦zqymneRuw}KzcmeBs=Vor}«uw`ce@}d/5oRuizr¥7eR¸eRywvµzce3zr¥uw`ce@¥²zqyJ5oruw`«n`5oryoB°
uneRyw}Kmnuw}Km7©eJ`5op¸eJeBÄccegorcXuw`ceJomnmnz=R}Vorune/mnzquw}Kzcmp®$Ð=eRuw}Kz:zcRqcem$zqy5oreRyp®
 ¡Nuw`}KmPmneRuw}KzÁ!©euwywvunzSmnqd/dgoryw}³peuw`cegdgor}Àynz½KeRdGmXzr¥_¬­x orc
uw`ceyneÃEq}yne
dGz=]}¤Ä5poruw}Kzcmp®
  ¹4	54¨n	!* 
_¬­x ynz´¸E}KemJoz+uwynzÁzr¥or}Kporuw}Kz ,5z´m­mzPom©unz/o¸z}Kµzemwuw}Kzµ}uw`ceiceRu»­zywª
orcz´¸eRywKzoÀoru3uw`ce/yneeR}¸eRyp®/ ¡u'orKmnzµynz´¸E}KemPoµz+uwynz©zr¥aeRywynzynm¨½Ev~yneRuwyorcmwd/}uwuw}
orEvXKzmwu$5onªeRup® (  , &' ( }g_¬­xN}Km$½5omneGzto:J}czpuw`5oru$}d/}unm$uw`ceJdgos]}d'qd
Eqd'½eRyzr¥7½+v=unemJuw`ce¨mnzqyne3por«mneRcµ½eB¥²zyne@yneeR}¸E}orEv«onª=czpJKe]dGeR+ui¥¦ynzd uw`ce
yneeR}¸eRyp® ­v3¸orywvE}iuw`ce©mw}³pe©zr¥cuw`}Km!J}czp¨uw`ce¯uw`ynzq`qu7zr¥o_¬­x¶zceRuw}Kz/por
½eJmneRuunz3uw`ceiorynzyw}Vorune¸orqce®!¾au­or+vPuw}dGe+uw`}Kmuw`ynzq`qu©}Km$eÃEq5or"orynzs]}dgoruneRv
unz'uw`ceJ}cz´¹mw}³pe]}¸=}Keg½EvGuw`ce:jzqcg_[yw}_a}dGe - j7_J_ .¯zr¥Áuw`ceizceRuw}KzÁ®"!   
 &' ( }~_¬­x,}Km½5omne~z«uw`ce¨qcme¨zr¥$mneÃ+qceRce'+qd½eRynmp"yneRuwyorcmwd/}Kmnmn}KzSuw}dGeRynm@orc
RqdqVoruw}¸e¶zmn}uw}¸e¼oªEcz´JKe]dGeR+unm - ¾¬$# .B®a_a`ce¶emwuw}5oruw}Kz onª=czpJKe]emScoruo
5oªeRunmp®a¾«¾¬$#porywyw}Kem - }d/}KR}uwv.auw`cemneÃEqceRce3+qd½eRy@zr¥!uw`ce'Vomwu}]°»zyneRyi½+v=une
yneeR}¸eI®N »uX}KmPuw`ceRyneB¥¦zyne«o~Rqd'qVoruw}¸e«}]¥¦zywdgoruw}Kz1ynz½qcmwuGor+or}cmwu/¾¬$# Kzmnm´®_a`}Km
}]¥²zywdgoruw}KzN}KmorKmnzµqcmne¶½+v¶uw`ceGmzqyne/unzµ}]¥¦eRyPor+v¶uwyorcmwd/}Kmnmw}Kz
eRywynzyp®gÂ,}uw`uw`ceme
¾¬$#3m´uw`cemzqyneuwyw}Kem$unzemwuw}dgoruneuw`ceij7_J_ºzr¥Áuw`cezceRuw}KzorcgmneRunm­ozyn]}vo
uw}dGeRyiJ`ceRS5oªeRunm@orynemneR+up®J_a`ceeBs=}yoruw}Kz¶zr¥uw`}Kmuw}dGeRypporKe~o J! 
 % & 5½eB¥²zyne
uw`ce'yneeR}uizr¥©or¼¾¬$#}Kmzcmn}KeRyneS½Evuw`ce'mneRceRy@omio/Kzmmmw}5orÅ®a_a`ce'Äcynmwu5onªeRu
meR+u/orcNczuPveRuXoªEcz´JKe]e }KmX]}yneRuwv
yneRuwyorcmwd/}uwuneI®¶¾czuw`ceRyPdGen`5or}Kmnd `5om
½eeRoeµunz_¬­x1unzXeRuneRuaKzmnmnem­qcmw}/¾¬$#3m­J}uw`czquJuw`ce:ceetunzaor}u­¥¦zyo'Kz
_a}dGezqup®¯ »u©}Km©porKe& 4&('=
&'  !'& 0 ;6?D3»®¾Jzyn]}Xunzuw`}Km¯dGe`5or}Kmwd«]uw`ceiyneeR}u
)+*,.-0/ N1CN32 QR54687:94N;7=<?>A@;7CB / >D>AEF7N87HGAI$B , N6JC1K6>A@ , <>A@87CL;M;M%7ONB / L4N6 / NP@ / JRQ , <> , NTSPG / NDN;7HG+>A1 / N
G , NP>DN , N8<DUV1F> , E / N8W$>A@;7(M , >A@X60L;7C> / >A@87Y6 , > , N , >A7 / QZ>A@;7[<DE / J7=<>\Q / NDJ , N+681CN;W]7:E^7:UV7NT> , E / N;W">A@87YM , >A@`_
ab9M(ac
 	

 B
zr¥5¥¦zqyzcmneRquw}¸eJ¾¬$#3mporywywv=}3uw`ceamordGeamneÃ+qceRce­Eqd'½eRy - uw`ceazyw}}5orqcm7uw`ynee
:q}Kporune¾¬$#3m .a}c]}Kporunemiuw`ce¨Kzmnmzr¥7uw`ce'5onªeRui¥¦zKz´J}guw`ce'Vomwu5onªeRu3onª=czpJ¤°
e]eI®@_a`ceP+qd½eRy@¥²zqy:}Kmi`czmneRunzgd/}}d/}³pePuw`cePynz½5or½}}u»v¼uw`5oru3oGynezyneRyw}«zr¥
5oªeRunmporqcmnemioXJynzgeRywynzyeRuneRuw}KzÁ®
%  6
 &'!' &' ( `5omI½eeRoe¨unz_¬­xS½+v3+oz½cmnz 0CA<43»®[¾i'o]}uw}¸eB°Å}cRynepomne
dquw}}Kporuw}¸eB°»eRynepomne«mwuwyoruneRvN`5om'½eeR ozuneÀunz¼n`5oretuw`cegJ}cz´ mw}³peorc
uw`ceRyneB¥²zyne@uw`ce:uw`ynzq`qup5omo'¥ qcRuw}Kz«zr¥!ceRu»­zywªtzc]}uw}Kzcmp®©_a`ce:J}czp qcmne¥²zy
,5z´ zEuwynz}Km:or­opv=m:uorªeRomuw`ce¨d/}}dqdzr¥7uw`cePzemwuw}Kz~J}czporc«uw`cezce
o]¸eRywuw}Kme½+vtuw`ce@yneeR}¸eRyp®©ÐEuorywuw}/¥¦ynzd§zce3mneRdGeR+urzyoPVoryweRyJ¸orqce¨omJ­e@J}
meeVoruneRyp=uw`ce@zemwuw}KzJ}cz´¹}Km¯}cRynepometeBs]zceR+uw}Vorvg½Evgzce:mneRdGeR+u­¥²zy©eR¸eRywv
ceR1¾¬$#q+uw}uw`ceJmzqyne­emnuw}dgoruw}KzGzr¥5uw`ce­ceRu»©zywª/por5oR}u¡v}Km!ynepon`ceI®­v'por5oR}u¡v
zr¥7uw`ce3ceRu¡©zywªc©e¨dGepor«uw`ce3dgos]}d'qd Eqd'½eRyizr¥75onªeRunm - zyzr¥!½EvEunem.­uw`5orupor«½e
Äcuaztuw`ce5oruw`µ½eRu»©eeRµuw`ce:mnzqyne@orcuw`ce:emwuw}5oruw}KzÁ®$_a`}Km­}Km­porKeµmnzdGeRuw}dGem­uw`ce
 !C
 !D
 ® »u}KmeÃ+q5orIunzGuw`ce Jorc]J}K]uw`]° :eRVopv«xynz=]qcRuqcmJuw`ce'op¸or}Vor½Ke'½q]£eRyimw}³pe®
_a`}KmP¥ÅomwuP}cRynepomnezr¥iuw`cetJ}cz´§}Km/porKe (   &*& orc uw`ceµpor5oR}u¡v emnuw}dgoruw}Kz
}Km@porKe¶uw`ce/mwKz´ mwuorywu3uw`ynemw`czKIÁeRczune	
}¶uw`ce/mneÃEqceRÅ®'_a`ceP5ordGe/mwKz´mwuorywu
zdGem!½eporqcmneeR¸eRXuw`czq`X}u}Kmo¥²omwu}cRynepomneuw`}Km!}cRynepomne­}Km!mwuw}=mnKzp1zd/5oryneXunz
o:]}yneRu7uwyorcmwd/}Kmnmn}KzgoruoiJ}cz´ºzr¥mw}³pe
® : }¸eRXuw`5oru_¬­xuwyorcmwd/}unm7uw`cea5onªeRunm
orKz´©e~½+v}unmJ}czp }¼oX½qynmwup"mwuorywuw}]}yneRuwvSoruiuw`ce'emwuw}dgoruw}Kz¼zr¥uw`ce¨ceRu»­zywª
por5oR}u¡vg­zqKµynemwqu©}oKz½qynmnuJorcµo'`cepo¸=vzp¸eRywKzoztceRu»­zywª½q]£IeRynmp®¯ÐEKz´
mnuorywu'or}dGm3unz«orKeR¸E}VoruneGuw`}Km3½qynmwuw}cemnm3J`}KeGuwywvE}unztÄc¯om¨ÃEq}Knª=vom3zmmw}½KePuw`ce
ceRu¡©zywª¶por5oR}u»v®¨|¼zynezp¸eRypuw`ceXpor5oR}u¡v~zr¥¯uw`cePceRu»­zywª~dgopvS½ez´¸eRynemwuw}dgoruneI®¨¾
Kzmm¨uw`ceRÀz=Rqynm']qyw}¼mwKzpmwuorywu'½eB¥²zyne/ynepon`}
® 8ieRyneuw`cegmzqynegmneRunm

unz«`5or¤¥­uw`ceGRqywyneREu'J}cz´mw}³pe®ÐEKz´mwuorywumneRyw¸em3uw`ceRÀomPotdGeporcm¨unzeRuoµRKzmeRy
emnuw}dgoruw}KzGzr¥"uw`ceo¸or}Vor½KeJpor5oR}u»vX}Xuw`ce­ceRu»­zywª®$_a`}Kmemnuw}dgoruw}Kz/ynzKeJzr¥mwKz´ºmwuorywu
}Km$dGzyneynzczqceµoru$uw`ceJ½eR}}zr¥Iuw`cezceRuw}KztJ`ceRynecz3}Kepo3zuw`ceJceRu»­zywª
}Kmio¸or}Vor½Ke®$|~zmnu_¬­xº}d/KeRdGeR+uoruw}Kzcm@mwqzmne@uw`5oruJuw`ce3yneeR}¸eRy}KmJuw`ce3½zuwuwKeRcenª
orcSmneRu
PunzXuw`ce3J}cz´}uio]¸eRywuw}Kmnem´®
"ice
g}Km:ynepo`ceIÁuw`ceXmnzqyneXmwJ}unn`cem¨unzµomwKz´©eRy¨}cRynepomneXzr¥¯uw`ce/zemnuw}Kz
J}cz´ ½+v~zcePmneRdGeREui¥²zy@eR¸eRywv«J}czp  m3­zywuw`zr¥­onª=czpJKe]dGeREunmp®'_a`}Km:}Kmiuw`ce
%  6
 &'!' D!D  
 orzyw}uw`d«® ¡gzEuwyomwu$unz¨mwKz´mwuorywu$J`}K`tor}dGm¯unz:Äc"om$ÃEq}Knª
omtzmnmw}½Ke¼uw`ce¼ceRu»­zywª)por5oR}u¡v@zemwuw}Kzo¸z}KcorceNor}dGmµunz·ynz½e¶mwKzpJv,uw`ce
ceRu¡©zywª/¥²zy­orEvGeBs=uwyo3½5orc]J}K]uw`Á®$_a`ceynz½ezEuw}+qcemaq+uw}Io@Kzmnm­z=Rqynmp® 8ieRyne+uw`ce
mzqynemwqzmnem$uw`5oru­uw`ceceRu¡©zywªG}Km©eRuwuw}P}+unz'zemnuw}Kzµorc}u©mneRunm¯}unm©emnuw}dgoruw}Kz
zr¥:uw`ce«por5oR}u»v unz¶`5or¤¥@uw`ce«RqywyneR+utmw}³pezr¥iuw`ce«J}czp¨®º_a`cetÄcynmwug¸eRynmw}Kzºzr¥@_¬­x
uw`5oru}d/KeRdGeR+unmXzemwuw}Kz·z+uwynzÅporKeN_!or`czEe 0CA<D3»meRunm¨uw`cegzemnuw}KzNJ}czp
 c<D7:WUV7NT>C1F<\>A@;7<D1=7 / Q6 , > , 17N , * M , G+I7:>H_
MJMONPQRQR
<   4& ( &'  	
F )
oruPuw`}KmPz}EuXunz~zceµorc·qcmnemPor+or}1mwKz´mnuorywuunz¼ynepon` uw`ceceR emwuw}dgoruw}Kz1zr¥uw`ce
por5oR}u¡v®gÐEKzp mnuorywuw}~o¥ uneRy¨eR¸eRywv¼Kzmnm3eRuneRyw}Kzyorunem'uw`ceXeRy±¥²zywdgorce/}¸eR
uw`ceXKz´
½5orc]J}K]uw`·quw}³´oruw}Kz1]qyw}Suw`cetmwKzpmwuorywu'`5ome®&©qup7mwKz´mnuorywu'}Km'mnuw}¯yneÃEq}yne
J`ceRµuw`ceiKzmnm­}Km©eRuneRuneµ¸=}Vo¨_a}dGezqup®¯¾ _a}dGezquadGeporcmauw`5oru©uw`ce3orywyw}¸=}Xzr¥[¾¬$#3m
`5om3mnunze - zuw`ceRywJ}KmneGuw`ceXKzmnm3}Km3eRuneRuneJ}uw`
Í5omnu¨jeRuwyorcmwd/}u .3orc¶uw`Eqcm'oµmwKz´
mnuorywu$}Km$yneÃEq}yneGunz@Äcor+or}mwdGz=zuw`vXuw`ceiop¸or}Vor½Keipor5oR}u»v®$ ¡Guw`ceÍ"omwu¯jeRuwyorcmnd/}u
pomeuw`ce'zuw`ceRyi¸eRynmw}Kzcmzr¥$_¬­x - jeRcz$0 ;6?D3»5ieRÎjeRcz 0fp43»Ð=¾¬$#O0f@<43»cÍ]¾¬$# 0 43»
eRun®7.'`5op¸eaynzzmneXuw`ceaqcmeJzr¥"uw`ceJ¾¬$#¹mwuwynepord uw`5oruªeeRcm ,5z´J}o¥¦uneRy!uw`ceJeRuneRuw}Kz
zr¥cuw`ce¯Kzmnm}zyneRy!unzynezp¸eRy!¥¦ynzdKzmnmem[J}uw`czqu7mwKzp mwuorywuw}c®Â,`ceRuw`ynee©]q}Kporune
¾¬$#3m/orynegyneeR}¸eIuw`cemne¸eRynmw}KzcmXporao  4&V' 
 , 4
  orzyw}uw`d«®¶_a`}KmPorzyw}uw`d
uwyw}Kem:unzyneRuwyorcmwd/}u@uw`ce'Kzmmnem}¼uw`cePRqywyneR+u3J}czp J`}KePdgor}+uor}}Sog+qd½eRy3zr¥
5oªeRunm}Suw`ce3ceRu»­zywª«eÃ+q5orÁunzGuw`ce3ceRÎemwuw}dgoruw}Kz¼zr¥!uw`ce'por5oR}u»v®"ice3Kzmnmnemioryne
ynez´¸eRyneIuw`}Km@orzyw}uw`d eRcm@orc¼oGczywdgor!zemwuw}Kz
op¸z}Kcorce}Km:porKe~J}uw`czqu
uw`ceiceetunzXpormwKz´¹mwuorywup® Å¥!Í5omwuajezp¸eRywvg¥²or}Km´+uw`ce@¾¬$# mwuwynepord mwunzcmp]o'_a}dGezqu
z=Rqynmorcuw`ce3mzqyne3ynemnzywunmunzGoXmnKzpmwuorywu`5omne¨omJ}«uw`ce¨_!or`czEe¨¸eRynmw}KzÁ®
  	[ ¶ n#		 
_a`ce~}cRynepomne~},}ªºmnee - eBs® "iuw}K~Í!}½eRynmoru : ½cm .G`5omKeunzÀ5oruw`cmµzr¥¨`}`
 @x!® "iuw`cemneP5oruw`cmpÁ_¬­x¹J}cz´d'qcmwu3½e/or½KeXunztynepon`
VoryweX¸orqcem@}zyneRy¨unz
Äcuw`ceceRu»­zywªpor5oR}u»vorcuw`ceRyneB¥¦zyneSunzqcmne«eB¢gR}KeREuwv1uw`ce~o¸or}Vor½Ke«½5orc]J}K]uw`Á®
 oryweJ}cz´m'oryne½ezd/}zmnmw}½KeJ}uw`~uw`ceXeBÄc}uw}Kz
zr¥¯uw`ceJ}czpmporKeP_¬­x
zuw}Kz 0CA243»®7_a`}KmaceR¹zuw}Kzporywyw}KemoPmnporKe¥ÅoRunzyorctuw`ceiyneporJ}cz´ mw}³pe:}R­v=unem
}Km'eÃ+q5or©unzuw`ce/¸orqce/}cRqce
}Àuw`ceGzKJ}czpÄ5eRKuw}dGem'uw`cegmnporKeX¥ÅoRunzyp®t_a`}Km
eRywd/}unmPVorywetJ}czpm/q·unz
 ­v=unemp® 8:zp­eR¸eRyp©oruXVorywetJ}czpmp©o~zemnuw}Kz
eRyw}Kz=¶dgov¶Kepo¶unzuw`ceXKzmnm¨zr¥adgor+v¶5oªeRunmp®GÍqywuw`ceRyp!zeRyoruw}¼oru¨VoryweXJ}czpm
}cRynepomem¨uw`ce/ynz½5or½}}u¡vuw`5oruotKzmnm3}Km¨eRuneRuneN¸E}VoµÍ"omwu'jeRuwyorcmnd/}up®gjemzywuw}«unz
mnKzp mwuorywuoma}«_or`cz=e¨o¥¦uneRyaeR¸eRywvtKzmnmJeRuneRuw}Kz«ynemnqunma}oPz=zy­eRy±¥²zywdgorce@}¸eR
uw`ce¨KzGuw}dGe3uorªeR«½EvtmwKz´mwuorywuunz/Äc[oX5oruw`Szr¥$oPVorywe¨por5oR}u»v®­¾«eB¢gR}KeREuiÍ5omnu
jiezp¸eRywvt`5omne:}Kmauw`ceRµyneÃ+q}yneµ}zyneRyJunz/zywyneRuJdgor+vtKzmnmnem­}µuw`ce3mordGe:J}czp
orcunz1o¸z}K omtdqcn`omµzmnmw}½Ke~uw`ce¼mnKzpmwuorywuµ`5omne®¾auµVorywe  :x!aceRu»­zywª
½q]£IeRynm3`5op¸eGorKmnz«or}d/zywuorEu'}d/5oRu¨z
uw`ceXeRy±¥²zywdgorce®/_a`cemneX½q]£eRynm@dqcmwu¨½e
­eRi]}dGeRcmw}KzceorcºdqcmwugmnporKeJ}uw`,uw`ce  @x®© »ºuw`ce«ceBs=uGu¡©z·mwq½cmneRuw}Kzcmp­­e
mn`czp`czp§oruXVorywe  @x!!uw`cetÍ"omwu/jezp¸eRywvÀ`5omneµorcÀceRu¡©zywª·½q]£eRynmPdgopv·o£IeRu
_¬­xNeRy±¥²zywdgorce®%5:zuneJuw`5oru$uw`ceP @x
dgopvP½eaVorywe]qceunz'o:Kz¨ynz5or+oruw}KzµeRVov
omJzmoruneR}une@}ª]mp®¾KzGeRVovt`5omJzuw`ceRyJ}d/5oRunmz«_¬­x®5 »µuw`}KmJmneRuw}KzÁ]­e¨oryne
ab9M(ac
 	

 
zv¥²zERqcmw}/zuw`ce¨eB£IeRuzr¥uw`ce¨}cRynepomne@}uw`ce3ceRu»­zywªpor5oR}u»v®¯_a`ce'eB£eRuzr¥!uw`ce
}cRynepome3}uw`ce3ynz5or+oruw}Kz~eRVopvµ}KmJKeB¥ ua¥²zyuw`ce@ceBs]umneRuw}KzÁ®
  	

 ¡XzyneRy!unziqcmne­eB¢gR}KeR+uwvPuw`ce­ynemnzqynem7z/oVorywe] :x¶5oruw`Áuw`ceaÍ5omnu!jiezp¸eRywv'`5ome
dqcmwua½e3or½Ke@unzPynezp¸eRyp"om­ÃEq}Knªom­zmmw}½KeE¥ ynzddgor+vtKzmnmnem­}µuw`ce3mordGe:J}czp¨®
_a`Eqcmp=mwKzpmwuorywu¯}Km¯dGzmwu©zr¥Iuw`ceuw}dGe:o¸z}KeµorcGuw`ce½5orc]J}K]uw`quw}}³´oruw}Kzt}Km$ªeRuJoru
o/`}`~¸orqce®aÍ5omwuijiezp¸eRywv«}KmiporKe«J`ceRoXKzmnmi}KmeRuneRune~J}uw`~Í5omnuijeRuwyorcmnd/}up®
Ð=zdGe¾¬$#3m - :q}Kporune¾¬$#3m .mwuw}5orywyw}¸eioru$uw`cemnzqyneJ}c]}Kporuw}'uw`5oru©mnzdGeJ5onªeRunm
oryneµmwuw}­ynepon`}Nuw`ceemwuw}5oruw}KzÁ®À_a`+qcmp$uw`ceceRu¡©zywª·}KmXczuX¸eRywvNzemwuneºorc1o
mnKzp mwuorywua`5omne@dgopvg½e@op¸z}KeI®¯Í5omnujezp¸eRywvuwyw}KemJunzPqcmne:uw`ce@}]¥¦zywdgoruw}Kz~porywyw}Ke
½Ev¾¬$#3m¨unzSemnuw}dgoruneGuw`ce/Eqd'½eRyPzr¥a5onªeRunmP} ,c}`Eu'J`}KeGynez´¸eRyw}S¥¦ynzd Kzmnmemp®
5:eR¹5onªeRunm@oryne¨mneREu}¤¥7uw`}KmJ+qd½eRy¥²orKmJ½eRKzpÎuw`ce3ceRu»­zywª«por5oR}u»vemwuw}dgorune®©_a`ce
ceRu¡©zywªSpor5oR}u¡v«}Km:emwuw}dgorune¼o¥¦uneRyuw`ce'KzmnmeRuneRuw}Kz¶unzg`5or¤¥7uw`ceJ}czp mw}³pe'J`ceR
Í"omwu©jiezp¸eRywv/}Km¯porKeI®¯_a`}Km¯z+uw}Eqcemaq+uw}Ior5uw`ceKzmnmnem$}uw`cemordGeJ}czp)zr¥Iuw`ce
Äcynmnu¯Kzmnm­oryneynezp¸eRyneI®  zmnmnem¯}guw`ce:mordGeJ}cz´)oryneimwqzmneGunz'½eiporqcmneG½Ev/uw`ce
m ordGe3zemwuw}Kz~eR¸eREu:orcuw`ceRyneB¥²zyne3uw`ce3J}cz´}Kmyne]qceSzce¨½+vt`5or¤¥w®L5izune¨uw`5oru
}¤¥¯oXKzmm}KmeRuneRune~J}uw`~_a}dGezqupuw`ce¨¾¬$#mwuwynepord«porKe~orKmnz¾¬$# RKz=nª½eporqcmne
}uPuwyw}eRynmPuw`ceguwyorcmnd/}Kmnmw}Kz zr¥5onªeRunmpmnunzcmXorcÀuw`ce}et]yor}cmp®¼¾ mwKzpmwuorywuP}Km
uw`ceRyneB¥²zyne3yneÃEq}yneunz/yneBÄc[mndGzEzuw`vtuw`ce@}e®
_a`ce']}¤£IeRyneRce¨½eRu»©eeR¼uw`ce¨]}¤£IeRyneR+u:¸eRynmw}Kzcmzr¥$_¬­x,J`}Kn`~}d/KeRdGeR+u3Í5omwujieB°
z´¸eRywvN}KmP} uw`ceµemwuw}dgoruw}Kz1zr¥uw`cet+qd'½eRyGzr¥5oªeRunm/} ,c}`EuG]qyw}uw`cegynez´¸eRywv
`5ome®!_a`ceijeRcz3¸eRynmn}Kzgzr¥Á_¬­x 0 ;6?D3"zcmn}KeRynm¯uw`5oru¯eR¸eRywv :q}Kporunei¾¬$# }Km¯o3mn}5or
uw`5oruXoµ5onªeRu`5om'KeB¥¦u¨uw`ce/ceRu¡©zywªÀorcN}u¨uw`ceRN}{weRunmoceR 5onªeRuP}¤¥auw`ceGJ}czp
orKz´mp®L8:zp­eR¸eRypcjeRczXmwqzmnemauw`5oruzce:5onªeRu}KmaKzmnu­}«oPJ}cz´ÎorctKepo¸emÍ5omnu
jiezp¸eRywv¶J`ceR·orÀ¾¬$# ¥²zy¨uw`ceXÄcynmwu¨Kzmm¨}Km3yneeR}¸eI®  epop¸E}¶Í5omwu'jiezp¸eRywveporywv
dgopv¨ynz`}½}uuw`ce­mnzqyne$¥¦ynzd eRuneRuw}@uw`ce©zuw`ceRy7Kzmnmnem}Xuw`ce©m ordGe¯J}cz´1J}uw`PÍ5omnu
jieRuwyorcmwd/}up®¨_a`ceP+qd½eRy¨zr¥©ceR 5oªeRunm¨mneREu@]qyw}µynez´¸eRywv~dgopvS½eunz=ztmwdgormnz
uw`5oru!uw`ynee :q}Kporunea¾¬$#3m7oryne¯czuyneeR}¸e}PzyneRyunzuwyw}eRy$or+or}PÍ5omnujeRuwyorcmnd/}up®
¾ _a}dGezqu:}Kmuw`ceR«yneÃEq}yne«unzGeRuneRuiuw`ce'zuw`ceRyiKzmnmnemp® : }¸eR«uw`ce'zorynme3yor+qVoryw}u¡v
zr¥¯_¬­x)yneRuwyorcmnd/}Kmnmw}Kz¶uw}dGeRy - dGepomwqyne¼}~uw}Kª=m@zr¥/B??dGm .Bog_a}dGezqu3ynemwqunm:}o
KzµeRyw}KzE¶zr¥­}5oRuw}¸E}u¡v¶orc¶`ceRceX}
oz=zy@eRy±¥²zywdgorce®'|¼zynezp¸eRyp!ouw}dGezqu3}Km
¥²zKzp­e
½EvoµmnKzpmnuorywu3J`}Kn`N}Km¨uw`ce/½eR`5op¸E}KzyPjeRczµuwyw}Kem'unz«o¸z}KI® 5izune/uw`5oru'uw`}Km
mnKzpmwuorywu©}Km¯porKe/J}uw`µo3mwdgorKeRy©uw`ynemw`czKg]qceunz3uw`ceyne]qcRuw}Kz} 
'oru©eR¸eRywvPKzmm
eRuneRuw}KzÁ®X ¡¶uw`ce/pomneXzr¥©d'quw}KeGKzmnmnem@eRy:J}cz´¨Á}u3`5om@½eeR
mw`czpJuw`5oru¨jieRcz
eRy±¥²zywdGmJ©zynmne¨uw`5or«uw`ce¨_or`cz=e3¸eRynmw}KzSuw`5oruynemnzywunmoraov]munzGmwKz´mwuorywu 0f@<43»®
MJMONPQRQR
2   4& ( &'  	
F )
5ieRa°»jieRcz 0fpAB43$`5om'½eeR
ynzzmneunzSzp¸eRynzdGeuw`ce/ynz½KeRdGmzr¥JjeRcz«J`ceR
dgorEvN5oªeRunmGoryneKzmnuP}·uw`ceµmordGetJ}czp¨®
_a`cet}Kepo~}KmPunz~mnuovN} Í5omwu/jiezp¸eRywv
qEuw}!oruw`ce3Kzmnmnem}«uw`ce'mordGe¨J}czp oryne¨ynezp¸eRyneI®J_a`}Km:o¸z}Kmiuw`ce'_a}dGezqu@orc
uw`cemwKzp mwuorywu½qu:porczuynemwqui}¼oXynez´¸eRywv¥²omnuneRyuw`5or~zce'KzmnmJeRyij7_J_3®5_a`}Km}Km
½eporqcmne@Rqd'qVoruw}¸e'¾¬$#3m­porczuJ}]¥²zywduw`ce@mnzqyne@zr¥dGzyne:uw`5orzceiKzmmaeRyaj7_J_3®
_a`ce@mnzqyne:ceemaunzP­or}ua¥²zyauw`ce@¾¬$# zr¥!uw`ce:yneRuwyorcmwd/}Kmnmw}Kz«zr¥!oKzmnm­unzX]}Kmnz´¸eRyJuw`ce
ceBs]u:Kzmnm}¼uw`ceXmordGeJ}czp¨®3|¼zynezp¸eRypyneRv=}tz¾¬$#3m:unzemnuw}dgoruneuw`ce+qd½eRy
zr¥75onªeRunm} ,c}`+uiKepomJunzGoXynz½KeRd§J`ceRS¾¬$#3mioryne3Kzmwuzuw`ce3yneRuwqyw«5oruw`Á®¯_a`ce
Kzmmizr¥©¾¬$#3m:ynemwqunm:}or~qceRynemnuw}dgoruw}Kz
zr¥¯uw`ce'Eqd'½eRy¨zr¥$5onªeRunm@uw`5oru@`5o¸ePKeB¥¦u
uw`cegceRu»­zywª
uw`+qcmP}·oKzpquw}³´oruw}Kz·zr¥uw`ceg½5orc]J}K]uw`·]qyw}¼ynezp¸eRywv®~¾mndgorKeRy
Eqd'½eRyzr¥5oªeRunmJuw`5or©e@}EuneRcµ}KmaªeRuJ} ,c}`+up®$_a`}KmaynemnqunmorKmnzP}«oPVorywei½qynmnu
zr¥75onªeRunmJ`ceRSÍ5omwuijezp¸eRywveRcmp®
|~zyneJ}]¥²zywdgoruw}Kzt}Km$ceeeoru¯uw`cemnzqyneunz3ynezp¸eRy©¥²omnuneRy$uw`5orzceJKzmm$eRy¯j7_J_
orcµunz/emnuw}dgorune3dGzyne3yneR}KmneRvtuw`ce@+qd½eRy:zr¥5onªeRunm}«uw`ce@}e®_a`}KmJ}]¥¦zywdgoruw}Kz
}Km'ynzp¸=}Ke·½+v  "  - Ð=eRKeRuw}¸eµ¾¬$# . 0 4;3»®~Ð=¾¬$# }KmPo«_¬­x zuw}Kz1oeNunzSuw`ce
`cepoeRy¨zr¥aor¶¾¬$#5oªeRu'orc¶z+uor}}«uw`ceXuw`yneeP½Kz=nª]m3zr¥­z+uw}qczqcm'coruotdGzmwu
yneeREuwvÀyneeR}¸e,oru/uw`ceemwuw}5oruw}KzÁ®·Â,}uw`1uw`}KmX}]¥²zywdgoruw}KzÁ­uw`cetmzqyneµ}KmGor½Keunz
eRuneRudGzyne3uw`5orSzce3Kzmnm}So/mw}Ke3j7_J_3®c¾iKmnz]}uporSporKRqVorune'dGzyne3yneR}KmneRvtuw`ce
Eqd'½eRy'zr¥©5oªeRunm¨uw`5oru3`5op¸eXKeB¥ u3uw`ceXceRu¡©zywª¶J}uw`czqu3yneRvE}«zuw`ce/¾¬$# mnuwynepord«®
|¶or+v«orzyw}uw`dGmi`5o¸e'½eeR«ynzzmneSunz/qcmne3uw`}Km}]¥¦zywdgoruw}Kz¼]qyw}Í5omwuijezp¸eRywv®
Â
e­Äccg_¬­x7° Ð=¾¬$# 0f@<D3cuw`5oru$qcmem¾¬$#3m¥²zyuw`ceJemwuw}dgoruw}Kzgzr¥uw`cea+qd'½eRy©zr¥5onªeRunm
}·uw`ce}eµorc Ð=¾¬$#3mPunz~yneRuwyorcmwd/}uXdGzyneguw`5or1zceKzmnmeRyXj7_J_3®_a`}KmPKepomPunz
or¶}d/zywuor+u¨}d/ynz´¸eRdGeR+u}¼uw`ceXeRy±¥²zywdgorceXJ`ceR¼½qynmnunm3zr¥©Kzmnmnem3orepory3}¶uw`ce
m ordGe¶J}czp¨® ­quuw`ce¶ynezp¸eRywv)}KmSoraov]mSmneRcmw}uw}¸e¶unz uw`ce¶Kzmmzr¥P¾¬$#3mp® ¾:m«o
mzquw}Kz·­eÄccÀÍ]¾¬$# - Íczyw­oryn1¾¬$# .G0 43auw`5oruXyneR}KemXz·uw`ceÐ=¾¬$# }]¥¦zywdgoruw}Kz
}Àuw`cegemwuw}dgoruw}Kz zr¥uw`ceGEqd'½eRyPzr¥5oªeRunmP}Nuw`ceG}e®_a`+qcm´Í=¾¬$# ynemnz¸emuw`ce
meRcmw}uw}¸E}u¡vgzr¥_¬­x7° Ð=¾¬$# unzPuw`ce:Kzmnm­zr¥¾¬$#3mJzµuw`ceyneR¸eRynmei5oruw`Á®¯_a`ceEqd'½eRyorc
uw`cei}KeR+uw}u¡vzr¥Á5oªeRunmaunz'uwyorcmwd/}ua]qyw}Xuw`ceynez´¸eRywvg`5omnei}Km©uw`ceRtezqKet¥¦ynzd
uw`ce'¾¬$# RKz=nª®¯_a`ce¨¾¬$#RKzEªt}Kmmwuw}Áqcmne`cz´©eR¸eRy:unzGmwdGz=zuw`«uw`ce¨uwyorcmnd/}Kmnmw}KzSzr¥
_¬­xÀ5onªeRunm´®  oruneRyp+­eJ}mneeorczuw`ceRy¯ynzzmw}uw}Kzunz¨ezqKe:orczuw`ceRy©dGen`5or}Kmwd
zr¥_¬­x ¥¦ynzd uw`ce¾¬$# RKz=nª®¶_a`cetor}d zr¥uw`cemnet©zywª]mP}KmPunzSdgorªeµ_¬­x zeRyoruw}Kz
}cmeRcmw}uw}¸e@unzGor+vµ]}Kmwuwqyw½5orce¨zuw`ce:¥²ee]½5onªµn`5orceR[porqcmn}oKzmnmJzr¥7¾¬$#3m´®_a`ce
¾¬$# RKz=nª}KmayneÃ+q}yne«omoPdGeporcmunzPmndGzEzuw`uw`ce:uwyorcmwd/}Kmnmn}Kz«zr¥5onªeRunm´½quJ}µuw`ce
ynemeRce«zr¥:mwqc`]}Kmwuwqyw½5orce©}uGzEemn! u/yne ,5eRuGyneR}Vor½v J`5oruG}KmX`5oreR}Àz1uw`ce
¥²zyw­orynÀ]}yneRuw}KzÁ®«_a`}Km¨J}ao£eRuPmnzdGeg_¬­xÎdGen`5or}KmndGmuw`5oruqcmneG¾¬$#3munz«}]¥²eRy
J`5oru}KmJ`5oreR}gunzGcoruoX5onªeRunm´®
ab9M(ac
 	

 
DestinationSource µB
T
Í!}qyneGf%¯ÐE}Ke¨cz=e@ceRu»­zywªdGzEeR
       
 
	      
       
_a`cegmw}³peGzr¥J½q]£eRynm'}NceRu¡©zywªcz=em¨d'qcmnumnporKe/J}uw`Àuw`ce  @xzr¥Juw`ceGzceRuw}Kz! m
5oruw`Á®  »¥'uw`ceRv)oryne~czuorynzyw}VoruneRv¹mw}³peIuw`ceme~½q]£IeRynmtdgov)o£eRumneRyw}Kzqcmwvuw`ce
eRy±¥²zywdgorce­zr¥cuw`ce­ynzunz=zÅ®7_a`ce©eB£IeRu7}Km]}¤£IeRyneR+u7½eRu»©eeRGmnKzp1mwuorywuorcPzemnuw}Kz
op¸z}Kcorce®
_a`ceeBs=zceR+uw}VorJynz´Juw`zr¥iuw`ceµzemwuw}Kz1J}cz´ ]qyw}
mwKzp§mnuorywuPynemnqunm/}
½qynmnunmPzr¥:5onªeRunm/mneREugoruXo~yoruneµeBsee]}uw`ce½zuwuwKeRcenª·½5orc]J}K]uw`ºz uw`cet5oruw`Á®
"io¸eRyoreÁuw`ceuwyorcmnd/}Kmnmw}Kz¶yoruneX]qyw}µmnKzp mwuorywu3por¶ynepon`¶u»J}KeXuw`ceP½zuwuwKeRcenª
½5orc]J}K]uw`µ}¤¥[uw`ce:emwuw}5oruw}Kz«onª=czpJKe]emeR¸eRywvG5onªeRuorct}¤¥[¾¬$#3mJoryneczuaKzmwu­z
uw`ceayneRuwqywg5oruw`Á®! ¡/uw`}KmpomneE¾¬$#3myneRuwqywGunz@uw`ceJmnzqyneoruuw`ceayorunezr¥uw`ceJ½zuwuwKeRcenª
orcNeR¸eRywv¼¾¬$# uwyw}eRynm'uw`ce/uwyorcmwd/}Kmnmn}Kz
zr¥­u¡©z«5oªeRunmp® ­qynmwunm¨]qyw}¼mwKzpmwuorywu
oryneq5o¸z}Kcor½Ke@mw}ceJuw`ceiRqywyneR+ua}d/KeRdGeR+uoruw}KzcmJzr¥Á_¬­x·z! u©ynz´¸E}Ke:or+v/ª=}cgzr¥
mn5oR}/½eRu¡©eeRuw`ce@5onªeRunmzr¥7o½qynmwup®©Ð=zdGeRuw}dGemJuw`ce3mn}³pe:zr¥o½qynmwua}Kma}d/}uneµ½qu
}geRceRyorcJ`ceRguw`cemzqyneeR}Kem$unz3uwyorcmnd/}u$dgor+vX5onªeRunm©}Gynemwzcmneaunz'or¾¬$#/
}u$meRcmuw`cemneJ5oªeRunm¯}go@½qynmnu¯oru$uw`ceJdgos]}d'qd yoruneiorKzp©eg½+vX}unm$zquwqu$}EuneRy±¥²oe
J`5oruneR¸eRyi}KmJuw`ce¨½zuwuwKeRcenª½5orc]J}K]uw`Á®­¾iywyw}¸E}oruuw`ce3}quizr¥7uw`ce¨½zuwuwKeRcenª}ª
5oªeRunm©meR+u$}G½qynmnunm$d'qcmnu¯­or}u©uw}cuw`ceR}y¯yneeemmnzynm$eRu­mneRyw¸eI®7¾ÃEqceRqceJ½q}Km¯q
}ceRu¡©zywª½q]£IeRynm]qyw}gmnKzpmwuorywuieR¸eR«}¤¥!uw`ce¨J}czpÎmn}³pe@}Kmmwuw}ÁmwdgorKeRyuw`5orSuw`ce
ceRu¡©zywªpor5oR}u»v®g_a`ceXKeRuw`Nzr¥­uw`}Km3ÃEqceRqce/}cRynepomnem¨J}uw`uw`ceX}cRynepomne/}uw`ce/mwKz´
mnuorywuuw`ynemw`czK~`ceRce¨J}uw`Suw`ce'}cRynepomne¨}~uw`ce  @x,zr¥uw`cezceRuw}Kz! mi5oruw`Á®J »¥7uw`ce
½q]£IeRynmoryne¨mndgorÅ5orSzp¸eRy ,5z´ÎdgopvzERqyeporywvµ]qyw}mnKzpmwuorywu½eB¥²zyne@ynepon`}uw`ce
ceRu¡©zywªpor5oR}u»v®/8ieRyne@uw`ce3_¬­x,mnzqyne@J}[zcmw}KeRyJuw`5oruJuw`ce¨ceRu»©zywªµ}KmzemnuneI
uw`EqcmX}uXyne]qcemX}unm/emwuw}dgoruw}Kzºzr¥uw`cepor5oR}u»v1orc mwuorywunmXuw`ceµzemwuw}Kzo¸z}Kcorce
`5ome¨oruioXmwdgorKeRyJ}cz´J`}Kn`~ynemwqunmJ}SoXz=zyneRyJeRy±¥²zywdgorce®
_a`}Km©ynz½KeRd zr¥[Kzmmnem©]qyw}/mwKz´¹mwuorywu©`5om­½eeRtmnuwqc]}Ke} 0CB] A43»®_a`ce:orquw`czynm
`5op¸e@¥²zqc«oXzc]}uw}KzSz½q]£eRymn}³pe3mnzGomaunzGo¸z}KSor«z´¸eRy ,5zp ]qyw}gmwKzpÎmwuorywuJ}
uw`ce©mwunepo]v3mwuorune¯zr¥5o_¬­x7°»_or`cz=e©zceRuw}KzÁ®7_a`ceRv3dGz=eRKe'uw`ce$ceRu»©zywªJ}uw`PoJmn}Ke
½zuwuwKeRcenªgczEe:zr¥Á½5orc]J}K]uw`Sx7onªeRunmrmorctzr¥Á½q]£IeRy­mw}³pe x7onªeRunm - ÄcqyneXf+.B®_
}Km:uorªeRNom@uw`cePu»­zr°Å­opvynz5or+oruw}Kz
eRVov®P_a`ceRv~porKRqVorune¶uw`ceXdgos]}d'qdJ}czp
MJMONPQRQR
f@?   4& ( &'  	
F )
mn}³pe~zr¥oÀ_or`cz=e¶zceRuw}Kzomg½eR}     
	P® ÐEKz´ mnuorywuteRcmtuw`ceR oru

      
=®:qyw}PmwKz´mnuorywupE`5or¤¥Áuw`ceiJ}czp¹mw}³pe}Km©mnqzmneunz¨½e:Ã+qceRqce}½q]£IeRy  - uw`ce3mnzqyne:}KmJmwqzmnetunzXmneRct½qynmwunmoruau»J}Ke H.B®_a`ceRÁ  d'qcmwua½e:uorªeR
mz¨Vorywe@mnzuw`5oru  
  
=®¯_a`}Km©}¸emJo'½q]£eRyamw}³peiVoryweRyauw`5or 
	  ®$_a`}KmJor5orv=mn}Km}Kmiczu¨or}Kpor½KePunzµojeRcztzceRuw}Kz¶J`ceRyne/ogmwKz´ mwuorywui`5ome}Km@o¸z}Ke¶dGzmnu:zr¥
uw`ceuw}dGe®|~zynez´¸eRyp+J}uw`tjeRcz'orcguw`cezuw`ceRy¯¸eRynmw}Kzcm­zr¥I_¬­xE}¤¥ÁÍ5omwu¯jiezp¸eRywvX¥Åor}Kmp
mnKzp¹mwuorywu­J}½e:porKe½quaJ}uw` 
PmwdgorKeRyauw`5or     
=®¯_a`+qcmp=uw`ce@zc]}uw}Kzz
 ½ezdGemKemnmmnuwyw}eR+up®
Íczyiuw`cePmwKz´ mnuorywu:oru:uw`ce'½eR}}zr¥$uw`cezceRuw}KzÁI_¬­x omnmnqdGemuw`5oru¨o/Kzmm
]qyw}/uw`}Kma`5omeidGeporcmauw`5oruJuw`ce:J}cz´ `5omaynepon`ceuw`ce:dgos]}d'qd§por5oR}u¡vµzr¥uw`ce
ceRu¡©zywª®$ ¡u­qcmem©uw`cemeiKzmmnemJomaodGeporcmaunzPemwuw}dgorune@uw`ce:ceRu»­zywªtpor5oR}u¡v® 8:zp©eR¸eRyp
}¤¥½q]£eRynmoryne@zr¥!mndgormn}³pe:zd/5oryneµunzXuw`ce3 @xcoKzmnm­dgopvz=Rqy]qyw}Puw`}Kma`5ome
eR¸eRS½eB¥²zyne:Äc}guw`ce@}e®¯_a`}KmJJ}[ynemwqu}~oPJynzgemnuw}dgoruw}Kz~zr¥ 
]uw`ceRyneB¥²zyne
}NoKzp©eRyeRy±¥²zywdgorce®g »¥©­egomnmwqdGeGuw`5oru¨uw`ceXyneeR}¸eRyPoªEcz´JKe]emPeR¸eRywv¼5onªeRu
om@}uw`ceXyneR¸=}Kzqcm¨or5orv]mw}KmpIuw`ceX½q]£IeRy  dqcmwu¨½eVoryweRy3uw`5or`5or¤¥V @x¹}¤¥©­eX­or+u
_¬­xÎJ}czpunz«ynepo`Àuw`ce  :x ]qyw}Suw`ceGÄcynmwumnKzpmnuorywup®t ¡ 0CAB43»7orÀemnuw}dgoruw}Kz
zr¥7uw`ce'mnKzpmwuorywuiuw`ynemw`czK«`5om½eeRSynzzmne~oruuw`ce¨½eR}}zr¥7uw`ce'zceRuw}Kz¼}
zyneRyunz~op¸z}K
Kzmnmnem´®¾uw`ynemw`czK·eÃ+q5orKm'unz @x `5om½eeRNynzzmneI®µ¾i+or}Á!uw`}Km
emnuw}dgoruw}Kzdgov¼czu'o¸z}KKzmnmemi}¤¥­½q]£eRynmorynePmndgor$zd/5oryneunz& :x!®Â}uw`¶mndgor
½q]£IeRynmp5Kzmnmnem:]qyw}mwKz´ mwuorywu@oryne¨czu3oGmw}5or!zr¥$ceRu»­zywªSzemwuw}Kz¼½quiyoruw`ceRy3o
mn}5orÁzr¥oXuwyorcmn}KeR+uzemwuw}Kz¼]qce3unzXuw`ce3½qynmwu¡vµu»v=e3zr¥mwKzpÎmwuorywuJuwyo¢g®
 »Xzemwuw}KzGo¸z}Kcorce+5onªeRunm$oryne­uwyorcmwd/}uwune/oru$orynzs]}dgoruneRvuw`ce­½zuwuwKeRcenª
½5orc]J}K]uw`Á®¯¾¹Ã+qceRqce:mwuorywunm©unz'½q}Kq}tuw`ceiceRu»©zywªJ`ceRuw`ceiJ}czp eBseem©uw`ce
 @x - 
	)}ÄcqyneXf+.B®¯¬­zemwuw}Kz«z=Rqynm­J`ceRµuw`cei½zuwuwKeRcenªt½q]£IeRy­z´¸eRy ,5zpmp®©_a`ce
J}cz´,mw}³peoru¯uw`}Km$z}+u$}KmczywdgorvGeÃEq5orunz3uw`ceJ}emw}³pe®Â`ceRGuw`cemnzqyneeRuneRunm
uw`}Km­Kzmnm´+}uayne]qcem­}unm­J}czp¹½+vµo3¥ÅoRunzyazr¥[u»­zGorctmnuorywunmao'ceR¹Rv=RKe]zr¥[zqynmne:}¤¥
uw`ceXÍ5omnu@jiezp¸eRywv¶orzyw}uw`d©zywª]m@eRy±¥²eRuwv®¨_[zµeRu¨oraov]m¨oguw`ynzq`qu'orynzps=}¤°
dgoruneRv/eÃEq5or5unz3uw`ce½zuwuwKeRceª/½5orc]J}K]uw`Á=uw`ceceRJ}cz´o¥¦uneRy¯uw`ceJyne]qcRuw}Kztd'qcmnu
½eXVoryweRy3uw`5or
uw`ce  @x®[_a`}Km3yneÃ+q}ynemPot½q]£eRy¨mn}³pe/eÃ+q5orunzµuw`ce  @x!®C­qu'otVorywe
½q]£IeRy$}cRynepomnem¯uw`cej7_J_ºzr¥Iuw`cezceRuw}KztJ`}Kn`dgovX`5orywd }EuneRyoRuw}¸e:or}Kporuw}Kzcmp®
¾ uwyoezr£·eBs=}Kmwunmiuw`ceR¼½eRu¡©eeR¶}cRynepomw}µ½q]£eRynm@mw}³pe'unzg}cRynepome'quw}³´oruw}Kz
orc¼eB°
Rynepomn}
}uGunzeR}¸eRyÃEq}Knª=v1_¬­x5oªeRunmp® 5:zune`ceRyneuw`5oruG­eSoryneuorª=}Àor½zqu
:ynzg_!or}5½q]£IeRynmp®7¾JRuw}¸eJ½q]£IeRy$dgor5oreRdGeR+u­ynzquneRynm­om¯jÏ  - jiorczdÏ¯orywv @eRuneB°
uw}Kz. 0CA?D3$]ynz - zy@dgorywª.i5onªeRunm3J`ceRuw`ce/o¸eRyoregÃ+qceRqcePKeRuw`
eBseem'oteRywuor}
uw`ynemn`czKI®«_a`cemneGynzquneRynmXoryneGynzzmneÀunzSmnz¸eguw`ceG½}VomPzr¥iynz·_or}azcemPor+or}cmnu
½qynmnu»v uwyo¢g® 8:zp­eR¸eRyp©uw`ceRv1z! uGKeRuguw`ceJ}czp¿ynzp§}zemnuw}Kzo¸z}Kcorce
unz«uw`ce/zq½Kegzr¥auw`ce  :x orc`ceRce/uw`ce/quw}}³´oruw}Kz ]ynzcm3unz½eRKzpuw`ce/½zuwuwKeRcenª
ab9M(ac
 	

 ff
½5orc]J}K]uw`NJ`ceR
zemwuw}Kz
zERqynm´® 8:eRyneIuw`cePd/}}d'qd uw`ynemn`czKmw`czqK¼½eXeÃEq5or
unzuw`ce  @xunzgeRu:z=zESquw}³´oruw}KzÁ®:_a`}Km@zEuwyomwunm@zcezr¥$uw`ceXor}dGm@zr¥¯jÏ X"uw`5oru:zr¥
}d/}uw}Xuw`ce@mw}³pe@zr¥ÃEqceRqcem­}tceRu¡©zywªtczEem­}µzyneRyJunz'yne]qce:uw`ce@eRc=°Åunzr°»eRceRVov®
_a`ce $eR+om­¸eRynmw}Kzzr¥[_¬­x 0 D3mz¸em¯uw`}Km­eReRceRcRvGzr¥Áuw`ceiquw}}³´oruw}Kzorcguw`ceieRVov
zSuw`ce3½q]£eRyimw}³pe@½+vµczuyneRv=}Guw`ce¨zemwuw}Kz¼z+uwynz!zvtz«Kzmmnemp®$_a`ce3}cRynepome
}uw`ce/j7_J_ }Km@qcmeunzµdgor}+uor}Àuw`ceXJ}czporu'oµmn}³pe/eÃ+q5orunzuw`ce  @x¹qcmmnzdGe
5oªeRunm - ½eRu¡©eeR1forc¼ .J}~uw`ce¨½zuwuwKeRcenªS½q]£IeRyp®_a`ce'J}czp }Kmqcmwq5orvSyne]qce
½Evtzce@5oªeRuyoruw`ceRyuw`5or½Evµ`5or¤¥±®_a`Eqcmpuw`ce@quw}}³´oruw}KzS}KmdGzmwuzr¥uw`ce3uw}dGe3RKzme3unz
uw`ce@½zuwuwKeRcenªµ½5orc]J}K]uw`~orc«uw`ce3eRc=°Åunzr°»eRc«eRVovµ}KmaªeRuRKzmne@unzXuw`ce@ynz5or+oruw}Kz
eRVopv®
  	[ ~ 		 P#a  P	 n$6
¾:maor+vgRKzmne=°ÅKz=zzemwuw}Kzz+uwynzynzunz=zÅ]uw`ceieB¢gR}KeRcRvtzr¥[_¬­xºorzyw}uw`dGmJeB°
eRcm¯zguw`cea¥¦ee]½5oªGeRVov®  zPj7_J_[m©oryneczp,½ezd/}yneR¸orKeREu¯}Guw`ce ¡+uneRywceRu
J}uw`uw`ce@}EuwynzE]qcRuw}Kz~zr¥!5oruw`cmRynzmmw}/moruneR}une3}ª]mp®_a`ce3zceB°Å­opvtynz5or+oruw}Kz~eB°
VopvoRynzmnm$o : Ï#",moruneR}une­}Km!}uw`ceazyneRyzr¥ AB?idGmp®!_¬­x¶ynepoRuw}KzXunz:zemnuw}KzPuorªem
eB£IeRuzce3j7_J_)VoruneRyp®$¾auJKzGj7_J_3]uw`}KmJynepoRuw}Kz«dgopv½ezdGe3qceemnmorywvµzyJ}cmwq]¥ °
Ä5R}KeREu¨J`}Kn`Ndgov¼ynemwqu3}Nor}ceB¢gR}KeR+u¨quw}³´oruw}KzÀzr¥­ceRu¡©zywª¶ynemnzqynemp®"8:zp©eR¸eRyp
zuw`ceRy3ynz½KeRdGm'eBs=}Kmwu@uw`5oru¨oryneXynzeRy3unzt_¬­x!®Á¾:m:©e/mor}KIIdGzmnu@zr¥­uw`cePdGen`5or}KmwdGm
zr¥$uw`ce'ynzunzEzoryne½5omne~z~uw`ce¾¬$#RKz=nª® "ice'}d/zywuor+u@dGe`5or}Kmwd }Kmuw`ce'yorune
orugJ`}Kn`uw`ceSzemwuw}KzJ}cz´ }cRynepomnemp®_a`ce«mnzqyne«}cRynepomnemG}unmgJ}czp omto
¥¦qcRuw}Kz zr¥uw`cegEqd'½eRyXzr¥¾¬$#3myneeR}¸e1orcÀz=emw! uuorªeporynetzr¥uw`cezceRuw}Kz
j7_J_3®_a`}Km7ynemwqunm7}go:zEuwynzcz}KRvuw`+qcm}goieRy±¥¦zywdgorce¥ qcRuw}KzGzr¥uw`ce©ynz5or+o°
uw}Kz«eRVopv®$ ¡cRynepomw}/uw`ce3eRVovmw`czqKµczuo£IeRuauw`ce@eRy±¥²zywdgorce¨zr¥uw`ce3zceRuw}Kz
]qyw}zemwuw}Kz~o¸z}Kcorce"mw}ce@}uJ}KmmwqzmneµunzXywq«]qyw}Guw`}Km`5omne3}«mwunepo]v
mnuorune®~_a`}KmPdgov·o£eRuXuw`ceeRy±¥²zywdgorcet}¤¥©eµmwJ}unn` unz¼zemwuw}Kzºo¸z}Kcorce«oru/o
Kz´ mnKzp mwuorywuiuw`ynemn`czKI®i¾:m­e'J}7mneeVoruneRypuw`}Kmdgopv~orKmnzµo£eRu:uw`ce'eRy±¥²zywdgorce
}¤¥auw`ce/zceRuw}KzÀzEuneRcm¨¥²zy3uw`ceX½zuwuwKeRcenª½5orc]J}K]uw`NJ}uw`
zuw`ceRyzceRuw}Kzcmzr¥
mn`czywuneRy@j7_J_3® 8:zp©eR¸eRypÁuw`ce}cRynepome}¶uw`ceXeRVov~}d/5or}ynm3mneRyw}Kzqcmwv~uw`ceeRy±¥²zywdgorce
zr¥mwKz´mwuorywuJ`}Kn`·}KmPouwyorcmw}unzywv`5omnegemn}ceNunz«Äc©ÃEq}Knª=v½qumwdGz=zuw`v¶uw`ce
ceRu¡©zywª por5oR}u»v®ÀÐEKz´§mwuorywuPyneÃ+q}ynemXuw`ceR dGzynetuw}dGetunz¼o`}KeR¸e® : }¸eR·uw`5oruXuw`ce
ceRu¡©zywª¼}KmqceRywquw}}³peN]qyw}µmnKzp mwuorywu3]qce'unztuw`cePmwdgor!mn}³pezr¥¯uw`cePJ}cz´¨uw`ce
eRy±¥²zywdgorce3zr¥!_¬­x1eRyoemp®$_a`}KmeRyocoruw}Kz}uw`ceieRy±¥²zywdgorce@}KmadGzyne3Ryw}uw}Kpor
¥²zymw`czywuJuwyorcm±¥²eRynmmwqc`~omaÂ
eR½«uwyorcmoRuw}Kzcm´®$_a`cemne3uwyorcm±¥²eRynmzd/KeRune3}eRceRyor}
uw`ce3mnKzpmwuorywu`5omne¨orc«mwq]£IeRyJuw`ceRyneB¥¦zyne¨¥ ynzd oPKzeRVov«orcSoPKzpÎuw`ynzq`qup®
MJMONPQRQR
f@A   4& ( &'  	
F )
¾czuw`ceRy@ynz½KeRd porqcmne¼½+v~uw`}Km@eReRceRcRv¶zr¥¯uw`cePJ}czp }cRynepomneXzj7_J_ }Km
uw`ce  @! 
   }µuw`ce@orKz=poruw}Kzzr¥uw`ce:½zuwuwKeRcenªg½5orc]J}K]uw`S½eRu¡©eeR«zceRuw}Kzcmzr¥
]}¤£IeRyneR+uaj7_J_[mp®7 ¡u$}Km©ªEcz´Jguw`5oru­orµo]}uw}¸eB°Å}cRynepomne:d'quw}}Kporuw}¸eB°»eRynepomne3zemw°
uw}KzzEuwynzmnuwyoruneRvtom­uw`ce@zemwuw}Kz«o¸z}Kcorce¨orzyw}uw`d§zr¥_¬­x Kepomaunz'¥²or}ywcemm
}¤¥aoruw`cePzceRuw}Kzcm¨}cRynepomneXuw`ceR}y3uw`ynzq`qu'oru3uw`ceXmordGePyorune 0f@AD3»®'_a`ce¥²or}ywcemm
`ceRyne'dGeporcmio/¥²or}y]}¸=}Kmw}KzSzr¥uw`ce'½zuwuwKeRceª½5orc]J}K]uw`¶ordGzuw`ce']}¤£IeRyneR+u@zceB°
uw}Kzcm:Rynzmnmw}t}up®_a`}Kmi½eR`5op¸E}Kzy:}KmiczuimneeR¼J}uw`~_¬­x!®|¼orEv©zywª]mi`5op¸emn`czpJ¼uw`ce
½}VomJzr¥!_¬­xor+or}cmwuJzceRuw}KzcmJJ}uw`Kz/eRVovt5oruw`cm 0CA4;cAD3»®¯ÐE`czywueRVovµzceB°
uw}Kzcm©}cRynepomneuw`ceR}y©yorunem©dGzyneÃEq}Knª=vgorcGyor½tdGzmwu©zr¥Iuw`ce:o¸or}Vor½Keynemnzqynem´®_a`ce
op¸eRyore:uw`ynzq`quzr¥o'zceRuw}Kzµ`5om­½eeRtmw`czpJ 0CAD3unz'¸orywvgom­uw`ce}E¸eRynmne:zr¥ 	 
J`ceRyne 	}KmJuw`ce@u»­zr°Å­opv«ynz5or+oruw}Kz¼eRVopv«orcÀo¥ÅoRunzy½eRu»­eeRÀf'orc A]®
        	 
    
      
 

   
       
|¶or+vynzzmw}uw}Kzcmi`5o¸e½eeR¼mwqemwuneSunzG}cRynepomne¨¥²omwuneRyiuw`ce¨J}cz´ oruiuw`ce¨½eR}]°
}«zr¥­uw`ce/zceRuw}KzÁ® ­vS}cRynepomw}«uw`ceX½qynmnuw}cemnm3zr¥­uw`ce/mnKzpmwuorywu@`5omneIuw`ceme
ynzzmw}uw}Kzcm­uwywv/unz¨yne]qce:uw`cei+qd½eRyJzr¥[j7_J_[m­yneÃEq}ynegunz'ynepon`µuw`ceceRu¡©zywªtpor5oB°
}u¡vemwuw}dgorune®¾i+or}µ}µuw`ce@or½cmeRce:zr¥7or+vgª=}cµzr¥[½5orc]J}K]uw`«emwuw}dgoruw}KzSorct5onªeRunm
mn5oR}cEuw`}Km­ynz½KeRd§mneeRdGm­unz½eiqynemnz¸or½Ke@zorµeRc=°Åunzr°»eRcµ½5omw}Kmp®7_a`ce:uwyoezr£
½eRu»­eeRg½qynmwuw}cemm¯orc/uw}dGe]qyw}¨uw`}Km¯`5omnea}Km¸eRywv/RKeporyp®!Â
eJd'qcmnu$ynepon`o¨eRywuor}
J}cz´ - 
 .i½qu3­eGoryneGorKzp©e
unzµuwyorcmwd/}u35onªeRunmzv~}¶½qynmwunmp® ­qynmwunm3zp¸eRy±°
Kzo
uw`ce/ceRu»­zywªÀorcdgov
porqcme/Kzmnmnem3J`}K`N}d/5or}ynmuw`ce/eRy±¥¦zywdgorce® 5izuneG`ceRyne
uw`5oruJuw`}Kmaynz½KeRd§zr¥7mwKzp¹J}cz´ }cRynepomne3zµKzGeRVovt5oruw`cma}KmJeBscoeRyw½5orune}µuw`ce
ynemeRce3zr¥¾¬$# Kzmnmp®_a`}Kma}Kma½eporqcmne:uw`ce:}cRynepomne@}Kma½5omneµzµuw`ce@+qd'½eRyzr¥¾¬$#3m
yneeR}¸eyoruw`ceRy¯uw`5orµzGuw`ce+qd'½eRyJzr¥I5onªeRunm­uw`5oru¯`5ogynepon`ceuw`ceiemwuw}5oruw}KzÁ®Í5zy
uw`cegmordGe/ynepomnzÁuw`ceG}cRynepomnegmwKzpmPzpJÀ}¤¥a¾¬$#3mXoryneGeRVoveÀ½+v¶uw`ce/yneeR}¸eRyp®µ ¡
uw`ceµ}uneRyoruwqyne©uw`ceµynz½KeRdzr¥3mwKzp§mnuorywuGz·KzÀeRVov·5oruw`cm/`5om/½eeR mnuwqc]}Ke1}
uw`ceµmoruneR}unezEuneBs=up® 8:zp­eR¸eRyp¯}uGpor1eBs]}Kmwu/zor+vN5oruw`1ynemeR+uw}Ào~VoryweeRVov®
_a`cemnzquw}Kzcm:ynzzmeSporS½e']}¸=}Ke~}+unzGuw`yneePporuneRzyw}Kemp®@Ð=zdGe¨uw`5oru@n`5oreuw`ce
J}cz´,}cRynepome:orzyw}uw`dzr¥Á_¬­x® "iuw`ceRynm­uw`5oru©mnz¸euw`ceynz½KeRd oru¯uw`ceior}Kporuw}Kz
KeR¸eR!orcµuw`ce¨zuw`ceRynmmnz¸e@}u:oruJuw`ce3ceRu»­zywªKeR¸eRÅ®
  ( Ç"Ç (­ Ë ( Á Ë 
_a`ceiÄcynmwuaynzzmw}uw}Kz­omunzqcme@oVoryweRyJJ}cz´ uw`5orzce3mneRdGeR+uoruauw`ce@½eR}}
zr¥JmwKz´ mwuorywu 0CA43»®/_a`}Km'Vorywe/J}czp`5om3½eeRNynzzmne¼¥²zy¨uw`cePÄcynmwumwKzp mnuorywu3czu
uw`czme¥²zKzpJ}to_a}dGezqup®¯¾¥¦uneRyo_a}dGezqupcuw`ceiceRu¡©zywªµ}KmamwqzmnetunzX½e:mneR¸eRyneRv
zemnune·mzSuw`5oru/o«uwyorcmnd/}Kmnmw}KzºoruXo¼mwdgor­}}uw}VoraJ}czp }KmyneÃ+q}yneI®¾i·}}uw}Vor
ab9M(ac
 	

 fp
J}cz´ zr¥@dgos=}dqd ;
mneRdGeR+unmg`5om/½eeR1ynzzmneI®1¾iczuw`ceRyGynzzmw}uw}KzÁ­porKe
­v=uneG¬­zq+uw}c­om3unz«ozqEu3¥¦zy3uw`ceXEqd'½eRy'zr¥$­v=unem¨zp¸eRyne
½+vor
¾¬$#J`}Ke
}cRynepomn}uw`ceJ}czp 0f3»®_a`cezemwuw}Kz¶J}czp }Kmi}cRynepomne¼om@oX¥¦qcRuw}Kz¶zr¥$uw`ce
Eqd'½eRytzr¥'coruo
5onªeRunmonª=czpJKe]e)yoruw`ceRytuw`5oruw`ceS+qd½eRyzr¥¨¾¬$#3mgyneeR}¸e
oru@uw`ce/mnzqyne®_a`}Km3ezqKem3uw`ceXJ}czp }cRynepomeGorzyw}uw`d¥ ynzd uw`ce/¾¬$#RKz=nª®
8:zp­eR¸eRyp]uw`}Km­dgovGynemwqua}t½qynmwuw}cemnm­J`ceRtdgor+v¾¬$#3mJoryne:Kzmwup®7Íczyauw`}Km­ynepomnzÁo
}d/}uJ`5oma½eeRynzzmnezuw`ce:+qd'½eRyizr¥!5onªeRunmJuw`5orupor½e@mneR+uJ}SoXmn}Kei½qynmnu
-  }d/}une­vEune'¬­zqEuw}).B®
_a`ceGynz½KeRd zr¥JmnKzpmwuorywuz oµKz¼eRVopv5oruw`À}Km'uw`ceR·o«ynemwquzr¥Juw`ceeRceRyor
ynz½KeRd zr¥¨½qynmwuw}cemmg})_¬­x®a_a`ce~5oruwqyor3mnzquw}Kz,unz·mwqc`)o
ynz½KeRd }KmunzÀqcmne
½5orc]J}K]uw`µemwuw}dgoruw}KzorcG5oªeRu­mw5oR}Punz'zEuwynz"uw`ceyorunezr¥Á_¬­x·5onªeRunmp®¾¬$#3m
- zydgov
½eµorczuw`ceRyu¡vEezr¥ioªEcz´JKe]dGeR+unm .Xoryneqcmne·zv¶¥¦zyPeRywynzyPzEuwynzorc
¥²zy3z½uor}}«}]¥²zywdgoruw}KzNzceRu»­zywª¶zc]}uw}Kzcm´® ­qupIyorune/zEuwynz$}Km@¸eRywv~]}¤¢gRqu
unz«}d/KeRdGeR+u/orc
}u¨}Km'czuorynzyw}VoruneG¥²zy'mw`czywuPcoruoµuwyorcm±¥²eRynmp® "icegzr¥auw`ce/¥²zynem
zr¥_¬­xÎ}Km}unmmw}d/}KR}u¡vÀorcÀ}unmPor½}}u¡v
unzSzeGJ}uw`1or¯ª=}cmzr¥ior}Kporuw}Kzcm´$orc
uw`}Km3mn}d/}KR}u»v¼}Km3]qceXdgor}v~unzµuw`ceX¾¬$# RKz=nª®'Â}uw`¶uw`}Km¨RKzEªuw`ce/¾¬$#3m¨yneRuwqyw
mn5oe3unzJuw`ce$mnzqyne$J`}Kn`Xporqcmnem[oa5oruwqyor=mw5oR}½eRu»©eeRPuwyorcmwd/}uwunecoruoJ5onªeRunm
J}uw`czqu:or+vµzp¸eRywKzoSoruJuw`ce¨mzqyne®_a`}KmmneR¤¥ °»RKzEªE}Gzr¥_¬­x1d'qcmnu½e:ynemneRyw¸e~om
o/dGeporcmunzGmwdGz=zuw`uw`ce¨uwyorcmnd/}Kmnmw}KzSzr¥coruo/5oªeRunmp® 8:zp­eR¸eRypoXyorune'z+uwynz[½5ome
mzquw}KzPporP½e©eR+¸=}KmorePunz:oeRKeRyorune­uw`ce©J}czp }cRynepomne­]qyw}3mwKzp mwuorywu!J}uw`czqu
z´¸eRywKzo]}«uw`ceceRu»©zywª® ­vSemnuw}dgoruw}uw`ce½zuwuwKeRcenª~½5orc]J}K]uw`Norc¶mw5oR}µuw`ce
zquwz}g5onªeRunmp5uw`ce¨mnzqyne3por«uwyorcmwd/}ui]}yneRuwvoru:oPVorywe3J}czp eÃ+q5orIunz  @x!®
"ice¼uw`ce  @x}Kmo`}KeR¸eIiuw`ce¼mnzqyne¶mwJ}un`cemµunz·zemnuw}Kz¹op¸z}KcorceNorc,uw`ce
¾¬$# RKz=nªtuorªemauw`ce@`5orcI®_a`}KmaKeRunmauw`ce3mnzqyne3o¸z}KSoyneporuJ5orywuJzr¥!mnKzp mwuorywup®¾i
}KeREuw}Kpor5mnzquw}KzG`5om$½eeR/mwuwqc]}Ke/} 0C<D3"orcGo:+or}/}/eRy±¥²zywdgorceJ`5om½eeRPczuw}KeI®
   (  ] Ë  ( Ç Ç (­ Ë ( [ Ë 
_a`ceme/mnzquw}Kzcm3uwywv¼unzmnz¸eXuw`ce/ynz½KeRd oru3uw`ceGor}Kporuw}KzÀKeR¸eR$J}uw`czqu'n`5or}
_¬­x!®I_a`ceGor}Kporuw}Kzdgor5orem3uw`ceXcoruotunztuwyorcm±¥²eRy3orc¼uw`ce/emwuor½}Kmn`dGeR+u¨zr¥­_¬­x
zceRuw}Kzcma}µmwqc`µo'­opvguw`5oru­}cRynepomnemauw`ceiz´¸eRyoreRy±¥²zywdgorce®$_a`ceÄcynmwu­mzquw}KzÁ
porKe@Í7_Jx 0 ; 3»zcmw}KmwunmP}·emnuor½}Kmw`}¶dgor+vÀmn}d'quorcezqcm/_¬­x zceRuw}KzcmX¥²zy
uw`ceuwyorcm±¥²eRy:zr¥©omw}Ke'ÄcKe®@_a`}Km}cRynepomnem@uw`ceynzpJuw`¶yorunePzr¥¯uw`ceynemwquor+u@J}czp
J`}K`¹}d/ynzp¸emSuw`ce~quw}³´oruw}KzÎzr¥uw`ce¼ceRu»­zywªynemzqynem«]qyw}ºmwKzp mnuorywup® ¾iKmnz
uw`ce]}Kmnuwyw}½quw}Kzzr¥:Kzmmnem/z1dgor+v1zceRuw}KzcmG}cmnunepo1zr¥@zceµdgorªem/uw`ceµynez´¸eRywv
orzyw}uw`ddGzyne/eB¢gR}KeREup®"8iz´©eR¸eRypIuw`}Km¨mzquw}Kz¼}cRynepomem3uw`ce/orynemnmw}¸eRcemnm¨zr¥©uw`ce
uwyorcmw¥¦eRyorc`ceRce¼uw`ce¼Kzmnmnem}uw`ce~ceRu¡©zywª® ¾¹ocoruw}¸e¼dGen`5or}Kmwd `5omt½eeR
ynzzmneG0 ;3Eunz`5ore¯uw`ce¯+qd½eRy7zr¥czceRuw}Kzcm7om7o­¥¦qcRuw}KzPzr¥ceRu¡©zywª'zemwuw}KzÁ®
MJMONPQRQR
f;   4& ( &'  	
F )
¾czuw`ceRyGmnzquw}Kz1`5omX½eeR1ynzzmne unzoeRKeRyoruneuw`ceµuwyorcm±¥²eRyGzr¥iÂ)Ï  5orem´®
 ¡cmwunepozr¥qcmn}Porg}ceReRceR+ua_¬­x zceRuw}Kzunz¨¥¦eRun`teR¸eRywv/z½]{weRu©}to35oreEuw`ce
R}KeREuiemwuor½}Kmn`cemo/x!eRynmw}KmwuneR+u:zceRuw}Kz¶orc~omwª=mauw`ce'mneRyw¸eRyunzGmneRc~orÁuw`ce¨z½]{weRunm
zS}u - 8i_J_Jx f®f 0f@BD3 .B®­Â)Ï ¹z½]{weRunmioryne¨dGzmnuzr¥uw`ce3uw}dGe'zr¥$mwdgor[mn}³peorcqcmw}µo
zceRuw}Kz¼eRyiz½]{weRuynemwqunmi}¼oGz=zyeRy±¥¦zywdgorce½eporqcmne¨dGzmwu:zr¥±5}¤¥czu@orÅ5uw`ce
uwyorcmw¥¦eRy@`5oreRcm3}¶uw`ce/mwKzp mwuorywu3`5omne®¾Kmzuw`ce/¬­x  }Km3z´¸eRywKzoeNorc
oVorywe
dGeRdGzywvS}KmyneÃEq}yneSunzmwunzyneuw`cezEuwynz!½Kz=nª]m:zr¥$uw`ce]}¤£IeRyneR+u@zceRuw}Kzcmp®iÂ,}uw`o
x!eRynmw}KmwuneREu3zceRuw}Kz~`cz´©eR¸eRypIzvuw`ce3Äcynmnuiz½]{weRunmimwq]£IeRy¥¦ynzd uw`ce'KztmnKzp mwuorywu
`5ome¯½qu7zce©mnKzp mwuorywu}KmuneRywd/}5oruneGorcuw`ce©zceRuw}KzX5omnmnemunziuw`ce©mwunepo]v¨mnuorune
uw`ceyneRdgor}}Pz½]{weRunmaoryneuwyorcm±¥²eRyneoruao3`}`gyorune®_a`ceKzpuw`ynzq`qu­]qyw}XmwKz´
mnuorywuP}KmX`ceRceµzd/eRcmorune ½+v·uw`cetKzuw}dGet©emwuopvN} uw`cezemwuw}Kzo¸z}Kcorce
`5ome®$¾x!eRynmw}KmwuneREu:zceRuw}Kz¼mo¸emorKmzXuw`ce¬­x  uw}dGe'orcµuw`ce3dGeRdGzywv®
¾imJo'¥ qywuw`ceRymzquw}KzÁ]©e:Äcctuw`ce3pon`}c®$_a`ce3_¬­xzceRuw}Kz«}}uw}Voruneµ½+vuw`ce
R}KeREu/}KmXemwuor½}Kmw`ce dGzmwu/zr¥iuw`cetuw}dGetunzo~ceporyw½+v pon`ceµJ`}Kn`,mw`czywuneRcmXuw`cet5oruw`Á
oeRKeRyorunem3mnKzp mwuorywu@orc~}d/ynzp¸em@uw`ceeRy±¥¦zywdgorceXzr¥¯dGzmwu:zr¥¯uw`ceuwyorcm±¥¦eRynm´® 5:zune
`ceRyneµuw`5orupon`}N}KmG½eRuwuneRyGmwqzywune1½Ev·moruneR}unem]qceµunzuw`ceR}y/½ynzopomwu5oruwqyne®
"iceoXpon`ce'meporynn`cemioÄcKe"orIuw`ce¨pon`cem}«uw`ce¨moruneR}une¨mze@yneeR}¸e3}up®
   Ç  ÊË  ( Ç Ç (a Ë ( Á Ë 
_a`}Kmµorynzon` zcmn}Kmwunmg})mnz¸=}Àuw`ce~ynz½KeRd }cmw}Ke«uw`ce~ceRu»­zywª,yoruw`ceRytuw`5or)}
`czmnunmp®/ »u3}Km'©zywuw`EvJ`ceRÀotKzSeRVov¶}ª¶}Km3Kz=porune
z
uw`ceGzceRuw}Kz! m'5oruw`Á®g ¡
zyneRyiunzGeRynepomne'uw`ce¨j7_J_ zr¥uw`ce¨zceRuw}KzÁ5uw`ce'KzgeRVov}ªµ}KmieR}d/}5orune«¥¦ynzd
uw`ce¥²ee]½5onª¼KzEz¶½Ev¼onª=czpJKe]}~5onªeRunm3½EvSuw`ceXynzquneRy'oru@uw`ceP}qu¨zr¥©uw`}Km@}ª
- ¾)}gÄcqyne A .B®_a`cei5onªeRunmJoryneiuw`ceRuwyorcmnd/}uwunetzuw`ceKzXeRVovg}ª - ¾°+=.7qcmn}
orzuw}d/}³pe¶uwyorcmwzywu@ynzunzEz - eBsI®3uw`ceGÐ=_Jx)ynzunzEzynzzmne¼} 0CAD3 .B®¨¾iczuw`ceRy
¸eRynmn}Kz¼zr¥©_¬­x)pororKmnz½eqcmne 0 A3»® : }¸eR¼uw`5oru:uw`ce'½5orc]J}K]uw`Nop¸or}Vor½KeP½eRu»©eeR
uw`ce~u»­z eRcmtzr¥uw`ceSKz eRVov,}ª - ½eRu¡©eeR¹¾ orc =./}KmªEcz´JÁuw`ce~uwyorcmwzywu
ynzunz=zcqcmneoRynzmnm}u¯porG½eauwqce/unz3}cRynepomeÃ+q}KªEvX}unmuwyorcmnd/}Kmnmw}KzGyoruneJ}uw`czqu
uw`ceceeX¥¦zy­o@Kz'mwKz´mwuorywu$`5omne® "ice:orywyw}¸E}oru¯uw`cezquwqu¯ynzquneRy - >.BEorczuw`ceRy
_¬­x zceRuw}Kz1}KmPqcmneÀunz~uwyorcmwd/}uXuw`ce5oªeRunmXunz¼uw`ceemwuw}5oruw}KzÁ®N »1oSm oruneR}une
eRE¸E}ynzdGeREupJuw`ce«Kz·eRVov1}ª dgov1Kepo,]}yneRuwv1unzuw`ceSemnuw}5oruw}KzmnzÀorczuw`ceRy
_¬­xzceRuw}Kz
}Km:czu3yneÃ+q}yneI® aeporqcmneP5onªeRunm¨`5op¸eGorynepo]v~½eeR
onª=czpJKe]e
- ½EvynzquneRy$¾ .Bor+vPKzmnm7½eRu»­eeRGuw`cea}qu$zr¥"uw`cea}ª - ¾ .!orcXuw`ceJemwuw}5oruw}Kzgd'qcmwu½e
Kz=porv/yneRuwyorcmwd/}uwunezt½eR`5or¤¥Áuw`ce:mnzqyne®¾iKmnz]onª=czpJKe]dGeR+unm¥ ynzduw`ceiyneeR}¸eRy
dqcmwu¨½eGmw}KeREuwv¶]}Kmporyne - z =.@mnz«om'czu¨unz«z]¥¦qcmneXuw`cegmzqyne® : }¸eR
uw`5oru'uw`ce
mzqyne'}Km@mwzEzr¥²e«½Ev«uw`ce}qu:ynzquneRy3zr¥$uw`cePKzµeRVovS}ªuw`}Km:orynzo`}Km@porKe
    +L   ®
ab9M(ac
 	

 f@B
TCP
Connection 1 Connection 2
TCPA B
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Optimized Transport Protocol
Í!}qyne A ¯ÐEz=zrÄcÏ}d/}5oruw}Kz¶zr¥7uw`ce@KzgeRVovµ}ªt¥ ynzd uw`ce3¥¦ee]½5oª
 »X¥ÅoRup=ÐEzEzrÄcmw}unmuw`ceeRc=°Åunzr°»eRczceRuw}Kzg}+unzmwdgor5zcemp®7_a`ceJdgor}g+or}
}¼eRy±¥¦zywdgorcePzdGemi¥ ynzd czuiqcmn}tmwKz´ mwuorywu - zyi¥¦ynzd¿qcmw}oX¥ÅomwuneRy:¸eRynmw}Kz.z
uw`ceKzPeRVopvG}ª®!_a`Eqcmp=uw`cezemwuw}KzµJ}cz´}cRynepomem©ÃEq}Knª=v - zuw`ceu»­zPmn}Kem
zr¥@uw`ceµKzNeRVopv·}ª.PJ`}K`º}d/ynzp¸emuw`ceeRy±¥¦zywdgorce«zr¥@uw`ceµuwyorcm±¥²eRyp®º¾iczuw`ceRy
o]¸or+uore3zr¥[mnz=zrÄcXJ`}Kn`µ}Kmazd/dGztunz/oruw`ce@RKzmne=°ÅKzEz,5z´)zEuwynzIynzunzEzKm´
}KmXo½eRuwuneRyPynepoRuw}Kz·unz~ceRu»­zywªÀzemwuw}KzÁ®¼_a`ceg¥¦ee]½5oªNKz=zN}KmyneRceRyne·mn`czywuneRy
orcXuw`ceuw`ynzq`qu¯zr¥uw`ceaceR,mwdgorczceRuw}Kzcm$}Km¯ocoruneGdGzyneÃ+q}KªEvPunz@ceRu»­zywª
zc]}uw}Kzcm´®_a`}Km:ynemwqunm}o/dGzyneeB¢gR}KeR+u@quw}³´oruw}Kzzr¥7uw`ceXo¸or}Vor½Keynemnzqynemp®¾i
}KeREuw}KporÁmnzquw}Kz`5om­½eeRµynzzmnet}¾_J| ceRu»­zywª=mJ¥¦zy­uw`ce@}d/ynzp¸eRdGeREuzr¥!¾Xaj
yorunezEuwynzzp¸eRyGKzeRVopvÀ5oruw`cm 0 +3»®À¾1eRc=°Åunzr°»eRcº¾Xaj zceRuw}Kzº}Km/]}¸=}Ke
}EunzGmwdgor[zcem´®¯_a`ce¨mwJ}un`~oruuw`ce3}quizr¥o/mndgor[zceRuw}KzS½eR`5o¸em:omio  :}ywuwq5or
Ð=zqyne - czEe }1Äcqyne A
omgoreBscord/Ke+./orc1uw`ce«zce~oru/}unmGzquwqug½eR`5o¸emtom
o  i}ywuwq5or @emwuw}5oruw}KzÁ®¼¾¸E}ywuwq5or­emwuw}5oruw}Kz yneRuwqywcmXo¥¦ee]½5oª - ji| eRKm.3unzSuw`ce
¸=}ywuwq5or¨mnzqyne¼Kz=porune)½eB¥²zyne¶}uµJ`}Kn` })uwqyw z+uwynzKmSuw`ce¼yorunezr¥P¾_J| eRKm«om
¥¦qcRuw}Kz zr¥uw`cetop¸or}Vor½Keµ½5orc]J}K]uw` ½eRu»­eeR1uw`ceRd«®¼¾:m©etJ}­meegVoruneRyp$mn}uwuw}
uw`ceizceRuw}Kzµ}+unzXmwdgor"zcem©ynemwqunm©¥¦qywuw`ceRy¯}o3½eRuwuneRy©ynemw}}KeRce@or+or}cmwu­Kzmnmnem¯czu
porqcme½+vzemwuw}KzÁ®a¾aumwdgorj!_J_35uw`ce3J}czp yneÃEq}ynemKemnmJuw}dGe'unz/yneRuwqywSunzG}unm
}}uw}Vor¸orqce:½eB¥²zyneuw`ce:Kzmnm´®|~zynez´¸eRypzce:mndgorzceRuw}Kzyne]qcema}unm­J}cz´orc
uw`ce3zuw`ceRynm:oryne3czuio£IeRuneI®
:emn}unei`}Kmo]¸or+uorem´mwz=zrÄc/mwuw}`5omJo'KzuJzr¥7]yoJ½5onª]mp®$Í!}ynmwup]}ua½yneporª]m­uw`ce
eRc=°Åunzr°»eRcmeRdgor+uw}Km¨zr¥©_¬­x!®I¾ 5oªeRu3}Km@oªEcz´JKe]e - ½Ev~¾ .J½eB¥¦zynePynepo`}}unm
emnuw}5oruw}KzÁ®©¾iKmnz]}uz=emw! u­zywªtJ`ceR¼eRcRywvEuw}Kz~}Kmozd/}Kmw`ce¼oruuw`ce¨  xºVoveRynm
orcS}u}+uwynz=]qcem@o/`cepo¸=vzp¸eRywKzo¼zS}EuneRywdGe]}VoruneynzquneRynm´®­Ícqywuw`ceRyp5uw`ce'uwyorcm±¥¦eRy}Km
¸=qceRyor½Keunzg5oruw`¶n`5orem¨orc¼mwv=d/dGeRuwyw}K'5oruw`cm3oryne¨yneÃEq}yne¼unzG½eor½Keunz]}Kmporyn
uw`cetemwuw}5oruw}Kz1¾¬$#3mP½eB¥²zyneuw`ceRv
ynepon` uw`cetmnzqyne®~  x _ÁqceR}
por·½eqcmneÀunz
mz¸e¨uw`ce¨VoruneRy:ynz½KeRd«®:ÐEz=zrÄcpor¼½emneeR¼om:o/5orywuw}KRqVory3mnzquw}Kz¼unzgmnzdGe'Kz
eRVopvG}ª]m¯}uw`cei ¡+uneRywceRup® ¡u¯}Km©}+uneRynemwuw}XJ`ceRtuw`ceKzXeRVovG}ª/}Km©uw`ce:zv/5oruw`
MJMONPQRQR
f@<   4& ( &'  	
F )
Kepo]}~unz«uw`ceemwuw}5oruw}KzÁ®  z¼5oruw`cm'J}uw`Àcz5orywuw}KRqVoryKz¶eRVov}ª¶J}©czu
½eRceBÄcu¥ ynzd }up®¶_a`}KmXmnzquw}Kz }KmPzr¥¦uneR·ynzzmne·unz¶oeRKeRyoruneµuw`cecoruo~uwyorcm±¥²eRyX}
ceRu¡©zywª]mqcmw} : Ï#" moruneR}une¨}ª=mJunzGoemmuw`ce3 ¡+uneRywceRup®
          	 
    
    
       
_[©zPuwyneRcmaeBs=}Kmnu¯unz}d/ynzp¸e:uw`ce¥Åor}ywcemnmazr¥[_¬­x!®=_a`ceÄcynmwu­uwyw}Kem­unzmnz¸euw`ceynz½KeRd
orutuw`ce¼_¬­xKeR¸eR@½Ev,oeRKeRyoruw} uw`ceSJ}cz´ynzpJuw`¥¦zyKz1eRVovzceRuw}Kzcmp
J`}Keuw`cemnezcgªeeRcm¯_¬­x·qcn`5oreµorcGuwyw}Kem©}cmwunepogunz'mnz¸eJuw`ceynz½KeRdoru¯uw`ce
ceRu¡©zywª«KeR¸eRÅ®Ð=zdGe}+uneR}eRceP}KmynzzmneSunzG½eoeS}SceRu»­zywªScz=em}¼zyneRy
unzGorKz=porune3uw`ce3½zuwuwKeRcenªµ½5orc]J}K]uw`S¥²or}ywvordGz]}¤£IeRyneR+uzceRuw}Kzcm´®
¾imt_¬­x7°ÅKeR¸eR3mnzquw}Kzcmp©eSÄccºÄcynmwutuw`ce~ynzzmw}uw}Kzdgoe¼} 0f´+3¨orcporKe
%&*&'=& 
 orzyw}uw`d«®¨_a`ce/orquw`czy:ynzzmne¼unz}cRynepomnePuw`ceJ}cz´ - Â .}¼uw`ce
zemnuw}Kzop¸z}KcorceX`5omneP½+v~og¥ÅoRunzyiynzzywuw}Kz5orunzuw`ce}E¸eRynmneXzr¥¯uw`ceXmnÃEq5orynezr¥
uw`ce3zceRuw}Kz¼j7_J_
       	 	
	
_a`ce~ynemwquµ}KmµoNzcmwuorEuµ}cRynepomne¼yorune - eÃEq5or:unz .gzr¥'uw`ce~zceRuw}Kz¹uw`ynzq`qu
yneR+oryn]Kemmgzr¥@uw`ceKeRuw`zr¥3uw`ce5oruw`º}uGRynzmnmemp®º_a`}KmG}d/ynz´¸emguw`cet¥Åor}ywcemnmg}1uw`ce
orKz=poruw}Kz~zr¥uw`ce3½zuwuwKeRcenª½5orc]J}K]uw`Á®J_a`ce3Äcynmwuynz½KeRd }«uw`}Kmynzzmw}uw}KzS}Kmuw`ce
`cz}Kegzr¥Juw`ceGuw`ynzq`qu}cRynepomneGyorune -  .B®¾iKmnz7oeRKeRyoruw}~uw`ce/J}cz´}cRynepome
J`}KeynemneRyw¸=}Suw`cet¾¬$#¿RKz=nªynemnqunm'}·Voryweg½qynmnunm¨¥²zy'Kz¼eRVovNzceRuw}Kzcmp®
 ¡E0CA4;3»©uw`ceSorquw`czynmgmn`czp uw`5orugJ}uw` :ynz_or}i½q]£eRynmp­uw`}Km/}cRynepome«}º½qynmwuw}cemm
dgopveRyoe@uw`cei¥Åor}ywcemnma}cmwunepoµzr¥}d/ynz´¸E}/}up®%8:zp­eR¸eRypcjÏ ÎynzquneRynmoryne3or½Ke@unz
or½cmzyw½¨uw`}KmÁ}cRynepomne$}¨½qynmwuw}cemnm[J`}Kn`'`5om[½eeR'ynzp¸eR'unz}cRynepomne$¸omwuwv:uw`ce7¥²or}ywcemm
zr¥¨_¬­x!®a_[z·mnz¸e«uw`ceSynz½KeRd«Juw`ceRvºynzzmne«}cmwunepoor ! ,
 4@
 =     orzyw}uw`d«®
_a`cePJ}cz´}Km@}cRynepomne¶½+v #mneRdGeR+unm'eR¸eRywv¼j7_J_ orc¶uw`}Km@}Km3zv«¥²zy@Kz«eRVov
zceRuw}Kzcm´®­_a`ce¨eRy±¥²zywdgorcezr¥7KzeRVopv«zceRuw}Kzcm}d/ynz´¸em:J}uw`czqu:o£IeRuw}
uw`5oruizr¥!uw`ce3zuw`ceRynmJ`ceR# }KmJ}¸eRSmwdgor[¸orqcemp®
5iz´¨})zyneRytunzÀ}d/ynzp¸e¶uw`ce~¥Åor}ywcemnmµorutuw`ce~ceRu»­zywª,KeR¸eR@J}uw`czqun`5or}
_¬­x!,5zpm'zr¥©]}¤£eRyneREu'zceRuw}Kzcm3dqcmwu3½e}KmnzVorune¶}¶ceRu»­zywª¶czEemp® : }¸eR¶uw`5oru
zemnuw}Kz«z+uwynzI}_¬­x1}Km­½5omnezµKzmnmnempE}KmnzVoruw}KzdGeporcmauw`5oruoPzemwuneµcz=e
dqcmwug]}Kmwuwyw}½qune«KzmnmnemX½eRu»©eeR,uw`ce«]}¤£IeRyneR+ug_¬­xzceRuw}Kzcmg}ºmwqc`,o¼­opv uw`5oru
uw`ceRvNeRuuw`ceµmordGeuw`ynzq`qup®_a`cet½emwu}KmnzVoruw}Kz }Km/on`}KeR¸e ½+v·ozd/}Kmw`}No
eRy±°»zceRuw}Kz«ÃEqceRq}PJ}uw`«oPjzqctjz½}mneRyw¸=}Ke:]}KmnR}}ce - Í5or}yiqceRq}).B®­ÐEqc`
mzquw}Kz
eRcmwqynem:¥²or}y3mw`5oryneXzr¥­½5orc]J}K]uw`Noru¨mw`czywu@uw}dGe/mnporKem:½qu3}u:}Km@¸eRywv~`5oryn¶unz
}d/KeRdGeREu©}¸eRuw`ceVorywe+qd'½eRyazr¥I_¬­x·zceRuw}Kzcm­uw`5oru©Rynzmnm­org ¡+uneRywceRu­ynzquneRyp®
¾iepomn}KeRy7mzquw}Kz'¥²zy}d/KeRdGeREuoruw}KzG}Km!unzqcme$uw`ceamordGe©½q]£eRy¥¦zyor]zceRuw}Kzcm7½qu
ab9M(ac
 	

 f´
unzdgor5ore}unm[mw5oe$}+uneR}eR+uwv®x7onªeRunm!zr¥c]}¤£eRyneREuzceRuw}Kzcm7oryneuw`ceR'mneRyw¸e¨J}uw`
o«Í!  Í"mnuwyoruneRv®t|¶or+v½q]£IeRy'dgor5oreRdGeREuz}KR}Kem`5o¸eG½eeR
ynzzmneI®«Ð=zdGegzr¥
uw`ceme©z}KR}Kemp+omÏ¯j  - Ï¯orywvPj:orczd iynz.10CAA3corcXjiÏ Xr`czEzmeaunz3]ynzP}czd/}
5oªeRunmGJ}uw`o¶eRywuor}1ynz½5or½}}u¡v1J`ceR1uw`ceÃ+qceRqceµKeRuw`zy/}unmGop¸eRyoreSeBseeºo
eRywuor}Nuw`ynemw`czKI®G_a`}Km3}Km3}ÀzyneRy¨unz]}Kmwuwyw}½qune/Kzmnmem¨zuw`ceG]}¤£IeRyneR+u'zceRuw}Kzcm
ynzzywuw}Kz5orv·unz~uw`ceR}y/uw`ynzq`qup®·_a`cemnetz}KR}KemX}d/ynzp¸euw`ce¥Åor}ywcemnmXJ`}Ketczu
yneÃEq}yw}'or+vPeRy±°»zceRuw}Kzgmwuorune® 8iz´©eR¸eRyp+}u!`5om$½eeR/mw`cz´J/} 0 ]f3]uw`5oru$]ynz}
5oªeRunm$ynzzywuw}Kz5orvunz@uw`cea½5orc]J}K]uw`tmw`5oryneJzr¥"uw`ceJzywynemnzc]} ,5z´ºzEemn! uKepo
oraov]mtunz
¥Åor}ywcemnm},½5orc]J}K]uw`¹emweR}Vorvº}¤¥¨uw`ce~½zuwuwKeRceª}KmtRynzmnmne,½+voNcz]°
ocoruw}¸eiuwyo¢g®$¾)½eRuwuneRy$¥Åor}ywcemnm©yneÃ+q}ynemJo¨zEuwynzIzr¥Áuw`ce½q]£IeRy­z=Rq5orcRvGzr¥[eR¸eRywv
zceRuw}KzÁ® ¾ynemnmn}¸e~zceRuw}Kzcmµdqcmwuµ½e~yneR¸eR+une¥¦ynzd dGzczz}³} ½q]£IeRy
mn5oe®/Íqywuw`ceRyp!o,5z´qcmw}Kemnm¨uw`5or}unm¨mw`5oryneGzr¥­uw`ce/½5orc]J}K]uw`
d'qcmnu¨½eX}KmzVorune
¥¦ynzduw`czmne/mneRc]}Soru3`}`Nyorunemp®PÂ
ePÄcc¶`ceRyne/uw`ce/zuw`ceRy¨mneRu¨zr¥©z}KR}Kem 0CA]f3 - Í!Kz´
jiÏ X]Í5or}yP­q]£eRyJ¾iKzEporuw}KzÁ  :}ywuwq5or iqceRqceR}cceRun®7.Puw`5oruauwywvgunzGo`}KeR¸e@¥Åor}ywcemnm­½+v
mn`5oryw}3uw`ce©½q]£IeRy$mw5oe©¥Åor}ywv'½eRu»©eeRtoRuw}¸eJzceRuw}Kzcmp®_a`cemne­z}KR}Kem¯eRcmwqyne­uw`5oru
epo`zceRuw}KzP`5omoruÁKepomnu!oad/}}dqdÎEqd'½eRy!zr¥]5onªeRunm!}¨uw`ce©Ã+qceRqceJ`}K`}KmzVorunem
zd/KeRuneRv·zceRuw}Kzcm/mneRc]}oruPmwdgor­yorunem¥ ynzd orynemnmw}¸etzcemp®¼¾ Kz¶eRVov
zceRuw}KzS}Kmaczp mwqyne@unzPÄccmnzdGe:VoemJ}uw`ce@½q]£IeRyaJ`}Kn`«eRywd/}unmJ}uaunzXynz=ee
J}uw`czqui½eR}mw`+quz´JS½Evµmn`czywuieRVovzceRuw}Kzcmp®a_a`ce3ynemnqu}Kmior«}d/ynz´¸eRdGeR+u
}µ¥Åor}ywcemnmJ½qu:oruJuw`ce¨mordGe3uw}dGe'or}cRynepome3}«½q]£IeRyJdgor5oreRdGeR+u@zp¸eRyw`cepoI®
Ð=z¸E}ºuw`ce¼¥Åor}ywcemnmynz½KeRdkoru«_¬­x§KeR¸eR¨`5omuw`ceÀo]¸orEuore
zr¥PªeeR}uw`ce
cz=emPmw}d/Ke® ­qup7mwqcn` mnzquw}KzNyneÃEq}ynemÄcynmwu'uw`5oruuw`ceeRc=°»mnv=mwuneRdGmXoRuzywyneRuwv®
Ð=ezcI[}u3ynemwqunm¨}½qynmnuw}cemnm'orcuw`ceRyneB¥²zyneGoµzmnmw}½KePeRy±¥²zywdgorceGeRuneRyw}Kzyoruw}KzÁ®
 zSeRVovzceRuw}KzcmXoryneGz½}eunz«mneRc¶VoryweG½qynmwunm¨}
zyneRyunzt¥¦zKz´uw`ceX¥Åomwu
J}cz´¹}cRynepomne3zr¥!mn`czywuazcem´®7Â,}uw`µuw`ce@yneR¸orKeRce3zr¥[cz]°»_¬­x7°²¥¦yw}KeRc]vuwyo¢gmpor
eRc=°Åunzr°»eRc·mnzquw}KzÀ}Km3cz«KzeRyPmwq]¢gR}KeR+uunzSeRcmwqyneX¥Åor}ywcemnmp®Ð=zdGeGdGe`5or}KmwdGmP}
ceRu¡©zywªGcz=emaoryneyneÃEq}yneGunzor½cmzyw½g½qynmwunm­zr¥ÁKz_¬­x·zceRuw}KzcmJorcgunz'ynzuneRu
zcmeRyw¸oruw}¸e¨_¬­x ,5zpm¥ ynzd¿orynemmw}¸e¨zcemp®
5ieRu¡©zywª¼dGen`5or}KmwdGm'oryneGorKmzgyneÃEq}yne¶unzµeRcmwqyne¥²or}ywcemnm¨oru¨oKeR¸eR¯or½zp¸eX_¬­x
m ovGoru¯uw`ceqcmneRy©zyaoru$uw`ceior}Kporuw}KzµKeR¸eRÅ®¾qcmneRy - eBsI®7ywq} @Í7_Jx 0 ;3 .7dgovGn`ceporu
orcgemwuor½}Kmw`GdgorEvG_¬­xNzceRuw}Kzcm©}gzyneRy¯unz@}cRynepomne}unm$mw`5orynezr¥Iuw`ceJ½5orc]J}K]uw`Á®
 »¥uw`ce¯ceRu¡©zywªdgor5orem7unz]}¸=}Ke$¥Åor}ywv3}unm!ynemnzqynem[½eRu»­eeRgoRuw}¸e©_¬­x¶zceRuw}Kzcmp
uw`}Km@qcmeRy:J}7½e¥²op¸zyneI®_a`cePunzuor ,5zpzr¥©5onªeRunm3eRceRyorune½EvSuw`cemneXzceRuw}Kzcm
dqcmwu½e@zcmw}KeRyne«½Evuw`ce@ceRu¡©zywªSomoXmw}Ke,5z´¨®¯_a`}KmJyneÃEq}ynemor~oryneR+oruw}Kz~}
,5z´mzr¥"_¬­x5oªeRunmRynzmnmw}¨o@oceRu¡©zywªPczEe®7_a`ce­½q]£eRymw5oe©}Km7uw`ceRXdgor5oreXunz
]}¸=}Ke©uw`ce©o¸or}Vor½Ke­ynemnzqynem¥²or}ywv3½eRu»­eeRXuw`ce­oRuw}¸e ,5zpmp®7_a`ce©KeR¸eR=zr¥"oryneR+oruw}Kz
eRuneRywd/}cem¨uw`ceKeR¸eR$zr¥¯¥²or}ywcemnm@­eX­orEup®_a`ceXmnzqyneGorc¶emwuw}5oruw}Kz
  x7°¡o]ynemnmnem´
MJMONPQRQR
f@2   4& ( &'  	
F )
uw`ce¨uwyorcmwzywuynzunzEzÁqcmeIuw`ce¨mnzqynePorc«emwuw}5oruw}KzSzywuJ+qd½eRynm´"oryne3uw`ce'dGzmwu
qcmeB¥ q}]¥²zywdgoruw}Kz)porywyw}Ke½Ev   x7°Å5oªeRunmµorc`ceR}Àuw`ceSceRu»­zywªº},eBÄc}Àuw`ce
,5z´mp®
   	[ +!#	&  n&5&5	&
_¬­x¼omnmwqdGemIuw`5oru[KzmnmnemI}¨uw`ce$ceRu»©zywª'oryne¯zv:porqcmne¨½+v3zemwuw}KzÁ®!_a`ceJ}czpÀ}Km
yne]qce'½+v@zce$`5or¤¥]J`5oruneR¸eRy[}KmIuw`ce¯mnzqyne$zr¥uw`ceKzmnmp®_a`}KmIynepoRuw}Kz'unzKzmnmnemIynemwqunm[}
meR¸eRyneJuw`ynzq`qu©eRuneRyw}Kzyoruw}Kz}¤¥5oªeRunm­oryneJKzmnu$zGuw`ceJ5oruw`/¥²zy$zuw`ceRy¯ynepomnzcm$uw`5or
zemnuw}KzÁ® 5iz]°»zemwuw}Kz¶KzmnmempporKe¶orKmz  	 K( 4 
  }¶mnzdGeP}uneRyoruwqyne 0CA
?D3»Á}+¸z¸egorª=}cm3zr¥©Kzmnmem@uw`5oru¨zERqy3}ceReRceR+uwvzr¥­_¬­xzemwuw}KzNz+uwynz
orzyw}uw`dGm´®_a`ceR}yceR+oruw}¸e¯eB£IeRuz'_¬­x~eRy±¥²zywdgorce$}cRynepomemÁJ}uw`'uw`ceaorc]J}K]uw`]°
@eRVopvµx$ynzE]qcRu:zr¥7uw`ce'zceRuw}Kz! m5oruw` 0CA43»®¯¾Îyorczd Kzmnmuw`5oruz=RqynmJ`}Ke'_¬­x
}Kmiuwyorcmwd/}uwuw}oru@oGVorywe'J}cz´ yne]qcem:zcmn}KeRyor½v«uw`ce'eRy±¥²zywdgorce®¾¥ uneRyiuw`}Km
Kzmmp]uw`ce3mnzqyne3yneÃEq}ynemioPKzGuw}dGe¨unzXyneRuwqyw«unz/}unmJ}}uw}VorÁyorune®
jiorczd KzmnmnemiorynedGzmwuwv«porqcmneS½+v«uwyorcmnd/}Kmnmw}Kz¶eRywynzynmp®¾ 5onªeRu@dgopv½ezy±°
ywquneNJ`}KeRynzmmw}¼o«½5oNÃEq5or}u»v}ª®¾zywywquneÀ5onªeRuP}Kmuw`ceRÀ]}Kmnporyne oru
uw`ce}ªSKeR¸eRÅI  xKeR¸eRzy:_¬­x¹KeR¸eR!J}uw`czqu3½eR}t`5orce¼unzuw`ce/or}Kporuw}KzÁ® Jo
ÃEq5or}u»vS}ª=mi}+¸z¸ePdgor}v«J}yneRKemnm:}ª]mJ`ceRynedgor+v~`ceRczdGeR5otmwqcn`om}EuneRy±¥¦eRy±°
eRceor½cmnzywuw}KzÁz½cmwuoRKem3orcSzuw`ceRynm"0f;3»"dgovyne]qceuw`cePÐE}5or!unz 5:z}Kmne¨yoruw}Kzµoru
uw`ce'yneeR}¸eRy@orc~porqcmne¨uw`ceRyneB¥²zyneoGd/}Kmw}+uneRywyneRuoruw}Kzzr¥$uw`cePorywyw}¸E}tmw}5orÅ®aÂ,}yneRKemm
}ª]m©oryneiczpJ}KeRvGmneeR}uw`cei »EuneRywceRup®7Â
eÄccguw`ceRd}tmoruneR}une:orcg}uneRywynemnuwyw}Vor
dGz½}KePceRu¡©zywª]mp®3|~z½}}u¡v~zr¥$uw`ceXeRcm@zr¥­ogJ}yneRKemnm:}ªIom:}¶o  Ï#"°»m oruneR}une/z]°
mnuneRVoruw}Kzcmp}c]qcemzuw`ceRy`ceRczdGeR5oGuw`5oruzdGe¨unzX}cRynepomne¨uw`ce@Kzmnmynz½5or½}}u»vSzr¥$o
5oªeRup®iÍ"o]}cImw`5ozpJ}c`5orcz´¸eRypIeRun®J0 <D3»"dgov«qu:uw`ce}ª«}¶oG½5o~mnuorune¨¥²zy
oPczSceR}}½Ke¨uw}dGe3J`}K`«ynemwqunm}½qynmnunmzr¥!Kzmmnemp®
 »0CAD3»IKzmmnem¨]qceXunzuwyorcmw}KeREu'zemwuw}Kz
}ceRu¡©zywªcz=em'oryneGorKmnz«zcmn}KeRyne
omXyorczd Kzmmnemp®N¾ uwyorcmw}KeR+uzemwuw}Kz1}Km/eBÄcceºomX½eR}NorEv·zemnuw}Kz1uw`5oru
VomnunmX¥¦zygo
mwdgoruw}dGe«zd/5oryneunzuw`ce«j7_J_§zr¥@uw`ce«zceRuw}KzÁ®,¾ _¬­xynepoRuw}Kz
unzµuw`}Km'mw`czywu¨zemwuw}Kz
`5om@czµdGepor}c®G ¡u3por½e/porqcme¶½+vot½qynmwu»v¶mnzqyne - eBsI®
oScz1z+uwynzKe yneporauw}dGetuwyo¢g+.mw`5oryw}¶uw`ce½zuwuwKeRcenªÀJ}uw`ºo~_¬­x zceRuw}KzÁ®
 zmnmnema}cmw}Ke'or«¾_J| ½5onª=½zce3ynzp¸=}K]}or«¾X­jmneRyw¸E}Ke@unz/porywywv_¬­x1uwyo¢g'por
½e3zcmw}KeRyneSorKmzgomoPuwyorcmw}KeREuizemwuw}Kz 0CA]f3»®
_a`ce:mzquw}KzcmaynzzmnetunzPuw`}Km­ynz½KeRd§porµ½e:]}¸E}Keµ}EunzPu»©zXdgor}«poruneRzyw}Kem´®
_a`ceGÄcynmwuzcmn}Kmwunm¨}À`}K]}~uw`cegKzmnmwv¶5orywunmzr¥uw`ce »EuneRywceRuPmzuw`5oruPzv
zemnuw}Kz
Kzmmnem:oryneXeRuneRune¼½+v~uw`cemzqyne®3_a`}Km:mzquw}Kz¼yneÃEq}ynem3mnzdGe©zywª~}~uw`cePceRu»­zywª
½qut`5omtuw`ce¼o]¸or+uorezr¥¨czutyneÃEq}yw}1orEv,`5ore~unz·_¬­x!®­_a`ce¶mnezc,u»v=e~zr¥
ab9M(ac
 	

 fp
mzquw}Kzcm­zcmn}Kmwunm­}teR`5orcR}G_¬­x J}uw`mnzdGeidGen`5or}KmwdGmaunzP`ceRt}uaunz]}Kmwuw}q}Kmn`
½eRu»­eeR1]}¤£eRyneREuPu¡vEemXzr¥Kzmnmnemp®¼ ¡upor·½etzcmw}KeRyne1omPor1oruwuneRd/uXunz~ezqKe
zemnuw}KzSz+uwynz!zr¥7_¬­xº¥ ynzd eRywynzyiz+uwynzÅ®
              
_a`}KmmneRuzr¥!mnzquw}Kzcmizcmw}KmwunmJ}ynez´¸eRyw}gcz]°»zemwuw}Kz~KzmnmnemaKz=porvJ}uw`czquuw`ce
}EuneRyw¸eR+uw}Kzzr¥uw`ceµmnzqyne®¶_a`cetmnzqyneµmneemuw`ceR1o~RKepor·5oruw`1orcÀ}u/z+uw}Eqcem/unz
}cRynepome/}unm¨uw`ynzq`quPq+uw}aoµynepor©zemwuw}Kz·zERqynm´®  z=por¯ynez´¸eRywvyneÃ+q}ynem'uw`ce
}KeREuw}¤Ä5poruw}KzÀzr¥¯uw`ceXKzmmwv«5orywu¨zr¥©uw`ceX ¡+uneRywceRup® "ivSyorczd Kzmmnem:d'qcmwu3½eP`}KeI®
 zmnmnemJ]qce@unz/zemwuw}Kzdqcmwumwuw}I½e:eRuneRune«½+vtuw`ce3mnzqyne3zuw`ceRywJ}Kmne@uw`ce@ceRu»­zywª
J}[½e3z´¸eRywKzoeI®
¾KzEpor­ynezp¸eRywvNpor·½eozd/}Kmw`ce1oruPuw`ceg}ªKeR¸eRJzyPoruX_¬­x KeR¸eRÅ®~Ícynzd
  x¹z}+u¨zr¥a¸E}KeR¨ot}ªS}Km'orEv~uwyorcmwd/}Kmmw}KzdGe]}qd Kz=porune½eRu¡©eeR
u¡©zSor{noeR+u
ynzquneRynm´®º »d/ynz´¸E}Àuw`ce«ÃEq5or}u»v1zr¥:}ª]m/}ºuw`ceS »EuneRywceRugynemwqunm/},zv zemnuw}Kz
Kzmmnemaynepon`}uw`ce3mnzqyne®$_a`}KmJKepomJqcmunzXuw`ce@u»v=}KporÁceRu»­zywª«_¬­x1}KmJuwqceunz¾
ceRu¡©zywªg¥¦zywdGetzr¥Áuw`ce}EuneRynzceRuw}KzSzr¥Áz=zEÃ+q5or}u¡vGuwyorcmwd/}Kmnmw}KztdGe]}Vo]® »¥o¨}ªE°
KeR¸eRmnzquw}Kz¶}Km:czu@zmmw}½KeÁoGynez´¸eRywv¶oru@uw`ceX_¬­x)KeR¸eRpor¶½eqcmne¼}cmwunepoI®¨¾i
}EuneRywdGe]}Vorunecz=ezGuw`ce5oruw`GdGz}unzynm¯_¬­xÀ5onªeRunmp=eRuneRunm$Kzmmnem¯orc/yneRuwyorcmwd/}unm
uw`ceRdzg½eR`5or¤¥Iuw`cemnzqyne®_a`}Km©yneRuwyorcmwd/}Kmnmw}Kzd'qcmwuazp¸eRy­zv/uw`ceKzmnmnvP5orywu­zr¥Iuw`ce
5oruw`NJ`ceRyneGcz«zemwuw}Kz·porÀoreporyp®g¾iczuw`ceRyzceRuw}KzNdqcmwu¨½eGemwuor½}Kmw`ceNunz
zEuwynz$uw`ceXzemwuw}Kz
½eRu»­eeR
uw`}Km@Kzmnmwv«5orywu'orc¶uw`ceXemwuw}5oruw}KzÁzr¥­zqynmneP}¤¥­uw`ce
emnuw}5oruw}Kz«}KmJczu]}yneRuwvzceRune«unzXuw`ce¨Kzmnmwvt5orywup®
      É ( Ç"Ç (© Ë ( Á Ë  
_[©z@­eR=ª=czpJ/dGe`5or}KmwdGmeBs]}Kmwu[¥²zy7uw`ce¯}d/ynz´¸eRdGeR+u­zr¥oi}ª'Ã+q5or}u¡v!jeRuwyorcmnd/}Km±°
mn}Kzcm - ¾ij  .aorcµÍczyw­oryn~Ïywynzyi¬­zywyneRuw}Kz - Í7Ï©¬>.B®c¾:j }KmJeB¢gR}KeR+uJ`ceR«KzmmnemJoryne
czu©¥¦yneÃ+qceREuaorcJ`ceRµuw`ceynz5or+oruw}KzeRVovg}Km©czu­}d/zywuor+up®$¾ieBs]uwyo¨½5orc]J}K]uw`
}KmPzcmwqdGe zvNJ`ceR1oS5onªeRu/}KmPyneRuwyorcmwd/}uwuneI® 8:zp©eR¸eRyp¯}ª+°ÅKeR¸eRayneRuwyorcmwd/}Kmw°
mn}Kz¼dgopv~}EuneRy±¥¦eRyneXJ}uw`
_¬­x dGen`5or}KmwdGmG0ff3»®' »¥¯uw`ceX}ªSVopveRy'z=emw! u@ynzp¸=}KeGor
}]°»meÃ+qceRce¨eR}¸eRywv«zr¥75onªeRunmiunz/uw`ce¨  x1VopveRyp5_¬­x,5onªeRunm¥¦zKz´J}guw`ce3KzmnmªeeR
unzorywyw}¸eoruuw`ce'emwuw}5oruw}Kz¶orcSuwyw}eRyuw`ce'uwyorcmwd/}Kmnmw}KzSzr¥ :q}KporuneP¾¬$#3mp®©_a`ceme
:q}Kporunet¾¬$#3mPdgov
ynepo`·uw`cemnzqyneJ`}Keguw`ce}ª
VoveRyP}KmuwywvE}¼unzSyneRuwyorcmnd/}u
uw`ce5onªeRup®_a`}KmXporqcmnem/or qceemnmorywvNJ}czp yne]qcRuw}Kz J`}Kn` ©etuwywv
unz¶o¸z}KI®
_a`ceynzzmegmnzquw}Kztunz¨uw`}Km©ynz½KeRdaom¯unz'qcmneio3}ª+°ÅKeR¸eRynzunzEzIoaoryneizr¥[_¬­x
dGe`5or}KmwdGm - Äcqyne/ .B®3_a`ce'}ªSVoveRy¨mwqynemnmemiuw`ce :q}Kporune/¾¬$#3m@mnzguw`5oru@uw`ceRv
z! uynepon`Suw`ce'mnzqyne - oruynzquneRy:j .B® »¥!uw`ce¨}ªtVopveRy¥Åor}KmJunz/yneRuwyorcmwd/}uiuw`ce35onªeRup
MJMONPQRQR
A?   4& ( &'  	
F )
Source Destination
Lossy LinkR
Duplicate ACKs
Suppression of
Í!}qyne' ¾ _¬­x7°¡oaoryne  }ª  opveRy
uw`cemnzqyneGJ}©uw`ceRNuw}dGezquXorc
yneRuwyorcmwd/}uPuw`ceG5oªeRu}unmneR¤¥w® 5izuneg`ceRyneGuw`5oruuw`}Km
VoruneRyimnzquw}Kz - }Å® e®ao/_¬­x7°¡op­oryneP}ªµVoveRy .a}Km:or}Kpor½KezvµJ`ceR«uw`ce'Kzmnmwvt}ªµ}Km
uw`ceVomwu5orywu¯zr¥uw`ceJ5oruw` - }Å® e®!uw`ceJ}ªPqcmne/½+vPuw`ceemwuw}5oruw}Kzunz¨oemnmuw`ce ¡+uneRywceRu .B®
_a`ce'mwqynemnmw}KzSzr¥:q}Kporune'¾¬$#3m½+vµuw`ce3}ªµVoveRyidGeporcm}d/}KR}uwvuw`5oruuw`ce3Kzmm
}Km:porqcmne~½+vSoguwyorcmwd/}Kmnmw}Kz¶eRywynzy:czui½Ev«zemwuw}KzÁ®i »¥$uw`ce¨Kzmmwv}ª}Km¥²zKzp­e¼½+v
zuw`ceRyynzquneRynm$J`ceRyneJzemwuw}KzGdgovXz=Rqypzemwuw}KzGKzmnmem7J}½e­uw`ceR/`}KeXJ`}Kn`
dqcmwu½e¨o¸z}KeI®
Í!Ï­¬oru'uw`ceg}ªKeR¸eR­zcmn}Kmwunm¨}·mneRc]}c!}·o]}uw}Kz·unz«uw`ceqcmneB¥ q©coruo]mnzdGe
yne]qccorEuG}]¥²zywdgoruw}Kzº}ºzyneRy/unz¶yneR½q}K uw`cezywywqune15orywuGzr¥iuw`ceµ5oªeRup® _a`ce
]yopJ½5onª¼zr¥¯uw`}Kmune`}KÃ+qceX}Kmiuw`5oru:uw`ce'yne]qccorEu3}]¥¦zywdgoruw}Kz¶}Kmiczuiqcmne~J`ceR¼uw`ce
}ª'}Km}Xuw`ce©zEz=Pmwuorune®7_a`+qcmp}u7ynemneREunm$oeRywuor}X­omnuneJzr¥5uw`ce­op¸or}Vor½Kea½5orc]J}K]uw`Á®
¾iKmnz=uw`ce@zd/quoruw}Kz~zr¥[uw`}Kmyne]qccor+u}]¥²zywdgoruw}KzyneÃ+q}ynemeBs=uwyo/¬­x ÎynzEemmw}
uw}dGeÁdGeRdGzywvorc¶½Kz=nª=}SeRVopv®8iz´©eR¸eRypuw`ceGo]¸orEuorem'zr¥­Í7Ï©¬oryneX}eRceRyor
­zywuw`uw`ceXzmwup®¨Í!}ynmwupIzywywqune5oªeRunm'oryneXzywyneRune]}yneRuwv~J}uw`czqu3yneRuwyorcmwd/}Kmw°
mn}Kz~J`}K`}Kmi}d/zywuor+u@¥²zy:KzµeRVopvSKzmnmnv«}ª=m3om:uw`ceXmoruneR}unem@zcemp®3¾iKmnzÍ!Ï­¬
z=emw! u}EuneRy±¥¦eRyne'J}uw`~_¬­xdGen`5or}KmwdGmp®aÍczyiuw`cemne3ynepomnzcm´uw`}Kmune`}KÃ+qce`5om½eeR
ynezd/dGeRceµ}«omoruneR}une@eR+¸=}ynzdGeR+u 0 3»®¬­zE¸zquw}Kz5orz=]}c  i}uneRyw½}Iez=]}
unzeRuw`ceRy@J}uw`¶}+uneRywKepop¸E}Sunen`}KÃEqcem¨orc¼jiee=° Ð=zKzdGz
eRczE]}cÁorynePJ}KeRv~qcmne
unzXyneRceRy:moruneR}une3}ª]momRKepor~omuneRywynemwuwyw}Vor[zcemp®
    É ( Ç"Ç (­ Ë ( Á Ë 
_a`ceme~mnzquw}Kzcmtuwywv1unzÀ}d/ynzp¸e¼uw`ce~}ªÃ+q5or}u¡vº½+vyneRuwyorcmwd/}uwuw}15onªeRunmorutuw`ce
_¬­xKeR¸eR!}cmwunepoSzr¥$uw`ce}ªKeR¸eRÅ®¾ }ªVopveRy3op­oryneXzr¥¯_¬­x½yneporª=miuw`ce¨yw}cR}Ke
zr¥7VoveRyw}c®­¾Jzyn]}gunzGuw`cemne¨mnzquw}Kzcmp"oX_¬­xoreREu}«uw`ce@ynzquneRy@oruuw`ce3}quzr¥
uw`ceKzmnmwv}ªSªeeRcm¨ogzEvSzr¥©eR¸eRywvScoruo5onªeRup®3 ¡ui]}Kmporynm@uw`}Km:zEv«J`ceR¶}u:meem
ab9M(ac
 	

 A]f
uw`ce/¾¬$# zr¥©uw`ceX5onªeRuXorc¶}u3yneRuwyorcmwd/}unm¨uw`ceX5oªeRu'z
½eR`5or¤¥©uw`ceGmzqyneXJ`ceR
}u
eRuneRunmioPKzmnmp®_a`}KmJyneRuwyorcmwd/}Kmmw}Kz«}Kmozd/5or}KeS½+voX]}Kmnporynzr¥ :q}Kporune¨¾¬$#3m´®
_a`}Kmunen`}KÃEqce¨`5om½eeR~ynzzmne 0C2]Áff3Á¥²zyuneRywynemwuwyw}VorJ}yneRKemnmceRu¡©zywª]mJ`ceRyne'uw`ce
eRVopv}Kmczui¸eRywv}d/zywuorEuiunzyneÃEq}yne¨uw`ce¨qcme'zr¥$Í7Ï©¬:®"_a`ce_¬­x¹oreR+u:}KmVoe~}
uw`ce:½5omne3mnuoruw}KzSoru­uw`ce3eREuwywvtzr¥!uw`ce@J}yneRKemnmaceRu»­zywª®©_Á­z/zmmw}½Ke:}d/KeRdGeR+uoruw}Kzcm
zr¥7uw`}KmoreREu`5o¸e¨½eeRynzzmneI®
_a`ceJÄcynmwu$}d/KeRdGeREuoruw}Kz - eBs®7 ¡c]}yneRu©_¬­x 0C2D3 .7zcmw}Kmnunm¯}GuneRywd/}5oruw} - zy¯mn}u±°
uw}).auw`ce3zyw}}5oruw}t_¬­x,zceRuw}Kz¼oruJuw`ce¨eREuwywvµzr¥7uw`ce3Kzmnmnvg}ª®$_a`ce'oreR+uuw`ceR
oªEcz´JKe]emPuw`ce/5onªeRunm/orcuorªemporynegzr¥J`5orc]}Suw`ceRd unzuw`cegemwuw}5oruw}KzÁ®µ¾i]°
zuw`ceRy3_¬­x zceRuw}Kz­eRuwqce¼unzµoKzmnmnvSeR+¸=}ynzdGeR+u - eBsI®3_¬­x7° Ð=¾¬$# .@por¶½e
emnuor½}Kmw`ce¼oRynzmmuw`ceKzmnmwvµ5orywu:zr¥uw`ceceRu»­zywª®i¾ ]}¤£eRyneREuiuwyorcmwzywuynzunz=z7por
orKmzS½eGqcmne oRynzmnmPuw`}KmPKzmnmwv5orywup®¶_a`}KmXmnzquw}Kz }Kmmn}d/}VoryPunzÐEzEzrÄc¶emnRyw}½e
}1mneRuw}Kz]®f® ]®1ÐEzEzrÄcNor}dGm/unz¶eR}d/}5oruneuw`ceµKzeRVopv·}ªN¥ ynzd uw`ceµ5oruw`ºzr¥
uw`cePzceRuw}Kz¶}¼zyneRy@unztmnz¸euw`ce'ynz½KeRdzr¥$uw`ceXmwKzp mwuorywu:`5omne®:_a`}Km:mzquw}Kz
`cz´©eR¸eRy3or}dGmunzGeR}d/}5orune'uw`ce¨Kzmnmnv}ªt¥¦ynzd§uw`ce3Kz=zÁ®¯¾:mJ}uw`¼ÐEzEzrÄcc5}u½yneporª]m
uw`ce:eRc=°Åunzr°»eRcµmneRdgor+uw}KmJzr¥uw`cei ¡+uneRywceRup®$¾iKmnzE}u©porqcmnema]}¤¢gRquw}KemJ]qyw}X`5orczp¸eRy
mn}ce¨oXVorywe¨mwuorune@dqcmwu½e@uwyorcm±¥¦eRyne«½eRu¡©eeRS½5ome3mwuoruw}Kzcmp®
_a`ce/mnezc}d/KeRdGeR+uoruw}KzÁ7porKe   @   &*@,( 0ff3»IynemneRunm3uw`ce/eRc=°Åunzr°»eRc
meRdgor+uw}Kmp®G_a`ceG}+uneRywdGe]}VoruneµoreR+u'z=emw! u¨uneRywd/}5orune/uw`ceg_¬­xzceRuw}KzÁ®g ¡ua{±qcmwu
ªeeRcmiz}Kemzr¥coruoX5onªeRunm@orc}uz=emw! ueRceRyorunePor+v«orywuw}¤Ä5R}Vor¾¬$#/®5ieR ¾¬$#3m
meR+uP½+vuw`cetemwuw}5oruw}Kz oryneg¥²zyw­oryneÀunzSuw`cemnzqyne7`czp­eR¸eRy&:q}Kporuneµ¾¬$#3mXoryne
mnunzeI®!¾5oªeRu}KmyneRuwyorcmwd/}uwune/J`ceR/uw`ynee :q}Kporune¾¬$#3m©oryneayneeR}¸e/zyJ`ceR
o¨KzEpor_a}dGezquJeBs=}ynemp®7_a`}Km©KzEpor_a}dGezqu­}Km©mneRu­zr¥ÁzqynmneunzPo3¸orqceKemm$uw`5ortuw`5oru
zr¥uw`ce:mzqyne®$_a`ce@]yoJ½5onªµ}Km­uw`5oruorµ}+uneRy±¥²eRyneRce3dgov`5oreR½eRu»­eeRuw`ce:mzqyne
orcNuw`ceoreREudGe`5or}KmwdGm/om¨}Nuw`ceg}ª+°ÅKeR¸eR­pomne® ¡¥²oRupuw`cegmnczEzÀynzunzEz©}Km
czPzuw`ceRyauw`5orµo'}ªE°ÅKeR¸eRynez´¸eRywvg}d/KeRdGeREune«oru©uw`ce@_¬­x·KeR¸eRÅ®$¾i+or}ÁE½eporqcmnei}u
`}Kem¨orKzmmnemp}u@yneÃ+q}ynem3uw`5oru3czµzemwuw}Kz
z=Rqynm@½eRu»©eeRNuw`ce/mwczEz
oreREu'orc
uw`ce3emnuw}5oruw}KzÁ®
        
    	 
   
 }ª+°ÅKeR¸eRmnzquw}Kzcm­oryneRKeporywv/½eRceBÄ5R}Vor"}G}d/ynzp¸=}uw`ceeRy±¥²zywdgorcezr¥Á_¬­x!®)8i}K=°
}Syorczd Kzmnmemoru¨uw`ce_¬­xKeR¸eR©}KmorKmnz½eRceBÄ5R}VorÅ!½qu'unzSop¸z}KNuw`ceGynz½KeRd zr¥
czuJynepoRuw}unz/zemwuw}KzSKzmmnemJuw`5oruz=Rqyio¥ uneRyJuw`ce¨Kzmnmwvt}ª]uw`}KmJKzmmwv}ªtd'qcmnu
½euw`ce:Vomwu­5orywuazr¥[uw`ce5oruw`«om­}tuw`ceipomne:zr¥!o'uneRywynemwuwyw}VordGz½}Ke:ceRu»©zywª®#"¥zqynme
uw`}Km'}Km3uwywqceG}¤¥a©eg­orEu'unz«ynemeRyw¸e/uw`cegeRc=°Åunzr°»eRcÀmneRdgor+uw}KmPzr¥_¬­xzuw`ceRywJ}Kmneguw`ce
zceRuw}Kz
por¶½emn}u3oru@uw`ceXzquwqu¨zr¥¯uw`cePKzmnmwvS}ª~orc¼yorczdKzmnmnem@por¶uw`ceR
MJMONPQRQR
AA   4& ( &'  	
F )
½e¨`}KeI®X­qupyorczd Kzmmnempororepory¨orEvEJ`ceRyneP}Suw`ceceRu»­zywª~czu@zv«z¼uw`ce
VomnuJ}ª®$_a`}KmyneÃ+q}ynemJ}¼o]}uw}KzSuw`ce3eBÄc}uw}Kz~zr¥mnzdGe3eRc=°Åunzr°»eRc~mnzquw}Kzcmp®
_Á©z:ª=}cm7zr¥"mnzquw}Kzcm!`5o¸e­½eeRPynzzmne}uw`ce©}uneRyoruwqyne®_a`ce©Äcynmwu7zce©zcmw}Kmnunm
}¼}]¥²zywd/}tuw`ceXmnzqynePeBs]}KR}uwvSJ`ceRuw`ceRy¨oG5oªeRu@}KmiKzmnuiyorczd/v¼zy:]qcePunztz]°
emnuw}KzÁ®i¾i !  ( !#!'&4   &'! /&'!' - Ï  5 .imw}5or!`5om½eeR¼ynzzmne 0 D37unzg}]¥²eRy
uw`cegmnzqyneGeBs]}KR}uwv
zr¥­uw`ceGz=RqywyneRcegzr¥oµcz]°»zemnuw}KzNKzmnmp®_a`ceGmnzqyne/ynepoRunm
uw`ceRS½+vµyneRuwyorcmwd/}uwuw}tuw`ce35onªeRuiJ}uw`czquyne]qcR}g}unmJ}czp¨®­¾S}KeR+uw}Kpormn}5or
`5om©½eeRynzzmneGunz`5oru­uw`ceizemwuw}Kzµz+uwynzÁoru­uw`ceimzqyneJ`ceR«o¨]}KmnzceRuw}Kz
oreporynmP]qceGunz«`5orcz´¸eRy}·eRqVoryceRu¡©zywª]mp®«_a`cet]}¤¢gRqu»v
J}uw`·mwqcn` mnzquw}KzÀ}Km
uw`5oruoP5oªeRuzywywquneSoruJuw`ce3}ªKeR¸eRÁ}KmJ]}Kmnporyne½eB¥²zyne@ynepon`}g_¬­xorcµuw`ceR
}uJ}Km]}¤¢gRquunzXeRuuw`}KmJ}]¥²zywdgoruw}KzÁ®
_a`ce'mnezcSu»v=ezr¥mzquw}Kzcm`5om½eeR~ynzzmneS`czp­eR¸eRyiunzg}d/ynzp¸euw`ce'z+uwynz
zr¥zemnuw}KzÀynz´¸E}KeÀ½+v
_¬­x yoruw`ceRyPuw`5orÀuw`ceynezp¸eRywv¥¦ynzd yorczd Kzmnmnem´®µÂ
e
dGeREuw}Kz}u`ceRyne$½eporqcmne$}u!zcmw}Kmwunm!omwuneRunzp­orynmomnzquw}Kz'unzuw`ce$ynz½KeRd zr¥cyorczd
Kzmmnemz~orSeRc=°Åunzr°»eRc=°Å½5omn}Kmp®©_a`ceme3ynzzme«mnzquw}Kzcmior}d¿unz/ezqKezemnuw}Kz
eRuneRuw}KzN¥ ynzd Kzmnmnemp®gÂ,}uw`NmzdGeo]}uw}Kz5or¯dGe`5or}KmwdGmP}
uw`ce/ceRu¡©zywªNzyoru'uw`ce
mzqyneEuw`ce:zemwuw}Kzµ}Km­eRuneRuneµorcuw`ce:uw`ynzq`qua}Km©yne]qcet½eB¥¦zyneuw`ceiz´¸eRy ,5zp
zr¥$ceRu¡©zywª¼½q]£eRynm´®:Í!}ynmwupuw`}Km:yne]qcem:uw`ceXmw}³pezr¥­Ã+qceRqcem:}¼uw`ce'cz=em3orc~uw`Eqcm:uw`ce
eRc=°Åunzr°»eRcNeRVov®GÍqywuw`ceRypuw`ceGo¸z}Kcorcezr¥­Kzmmnem¨o¸z}Km'yneRuwyorcmwd/}Kmnmw}KzcmPorc¶uw`ceR
}¸emt½eRuwuneRymneRyw¸E}KeS¥²zy}EuneRyoRuw}¸e
or}Kporuw}Kzcmp® ¾imµmnzquw}Kzcm´J©e~Äccuw`ce  $eR+om
¸eRynmn}Kztzr¥[_¬­x 0 D3ÁorcGuw`ce:Ï7s=}KR}u¬­zemwuw}Kz 5:zuw}¤Ä5poruw}Kz - Ï­¬15 .$ynzzmeg} 0f@243»®
 ¡  $eR+om´"uw`cePj7_J_Îzr¥$uw`cePzceRuw}Kz
orcSuw`ceJ}czp mw}³peXoryneqcmneSunzzd/qunePuw`ce
Eqd'½eRy¨zr¥©5oªeRunm3}ceRu»­zywª~½q]£IeRynmp®'_a`ceXJ}cz´ }Km3eRynepomne¶J`ceRuw`}Km@+qd½eRy
eBseem@o/eRywuor}~uw`ynemn`czKI®JÂ,}uw`¼Ï©¬15P"or~eBs]}KR}u@mw}5or[}Kmqcmne«½Evuw`ce¨ynzquneRynm:unz
}c]}Kporune'zemwuw}KzSunz/_¬­x,mnzqynemyoruw`ceRyuw`5or~]ynz}g5onªeRunm´®
 Å¥'or:uw`ce~mnzqynem´ayneeR}¸eRynmµorc,ynzquneRynmoryne~zd/}VorEu - ozyn]}·unz  $eR+omµzy
Ï­¬15 .BIuw`cegyne]qcRuw}KzÀzr¥Juw`ce/uw`ynzq`quP½eB¥²zyne/uw`cezp¸eRy ,5zpzr¥aceRu»©zywªN½q]£eRynm'J}
yne]qceJ]yomnuw}Kporvuw`ceJzemwuw}Kz/Kzmmnemp®!_a`ceayneRdgor}}3Kzmnmnempor/½e©uw`ceRGzcmn}KeRyne
omadGzmnuwvt]qce@unzXyorczd§Kzmmnemp®|¼zynezp¸eRypc}¤¥7mnzdGe¨o¸eRyor}tzuw`ce3Ã+qceRqce@KeRuw`S}Km
ozd/}Kmn`ceGJ`}KeeRuneRuw}uw`cezemwuw}KzÁEuwyorcmw}KeR+u­zp¸eRy ,5z´zr¥½q]£eRynm¯J}cczu$½e
eRuneRuneµ½Evguw`ce@mnzqyne3omoPzemwuw}Kz«eR¸eR+uorctuw`ceRyneB¥²zyne@uw`ce:Kzmnmnem­uw`5oruaynemwquJpor
½eJorKmnz@zcmw}KeRynegom7yorczd«® : }¸eRXuw`5oruyorczdKzmmnem7yneÃ+q}ynemzvPyneRuwyorcmwd/}Kmnmn}Kz
J}uw`czqu'J}czp yne]qcRuw}KzÁ!uw`ceG]}Km oreporyorceGzr¥Jzemwuw}KzÀKzmnmnem3dgopv¼Kepo
unzµuw`ce
eBÄc}uw}KzXoruÁuw`ce$mnzqyne¯zr¥co­ceR·zemwuw}KzzEuwynz=orzyw}uw`dÎuw`5oru[ynepoRunmÁKemmÁmneRyw}Kzqcmwv
unzKzmnmnem´®!_a`ce@zemwuw}KzµJ}cz´¹dgovG½eyne]qceµmw}`EuwvzyaeR¸eRµczu©yne]qceµqz
uw`cez=RqywyneRcezr¥¨oSKzmmp®	8:zp­eR¸eRyp­}uPdqcmwuGmwuw}J½etyne]qce1½+v1oS¥²oRunzyGzr¥@u»­z}
ab9M(ac
 	

 A
ynemnzcmneµunzNeBs=}KR}ugzemnuw}Kzmw}5orKmp®º_a`}Kmgdgov ynemnz¸euw`ce«ynz½KeRdzr¥3yorczd
KzmmnemaJ}uw`czqu:o£IeRuw}g_¬­xºeRy±¥²zywdgorce®
_a`}Kmµ}Kepor3½eR`5op¸E}Kzy«z=emw! ueBs=}Kmnu}¹unz=cov]mµceRu»­zywª=mp® ¡,uw`ce
or½cmneRcezr¥Xor+v
¥²ee]½5onªN¥ ynzd uw`ceceRu»­zywª omPJ}uw`  $eR+ompuw`ceµzemwuw}KzºeRuneRuw}Kz dGen`5or}Kmnd oru
uw`ceµmnzqyneµdgopv
¥Åor}orcÀ`ceRyneµuw`ceµzemwuw}Kz1KzmmnemGorynetq5o¸z}Kcor½Ke®  Å¥iuw`cetmzqyne
½5omemG}unmtzemwuw}KzzEuwynz:z)or,eBs]}KR}u}]¥²zywdgoruw}Kz,¥ ynzd uw`ce«ceRu»­zywªomgJ}uw`
Ï­¬15JmnzdGe¶cz]°»zd/}VorEuSynzquneRynmJ}'czuynzp¸=}Ke¶uw`ce
mnzqyne¶J}uw`¹uw`ce¶yneÃEq}yne
}]¥²zywdgoruw}Kz
orc¶]ynz~5oªeRunm3qz¶zemwuw}Kz¶}cmwunepoI®3¾ yne]qcRuw}Kz
zr¥¯uw`ceJ}czp
qz/Kzmnm$eRuneRuw}Kzg}KmceemnmorywvP}/uw`}Km$pomne®7Íczy$uw`cemeaynepomnzcmpuw`cemeorynzon`cem­mwuw}
zcmn}KeRy$Kzmnmnem¯om©o@zemwuw}Kzgmw}5or"orcGyne]qceJuw`ceR}y$J}czp)ozyn]}v®L8:zp©eR¸eRyp
J}uw`ºmzdGeyneBÄcceRdGeREunmGunzo¸z}K1¥²or}qynemX}1zemwuw}KzeRuneRuw}KzÁ©uw`ceRvNdgopv·zcmn}Kmwu
o~mnzquw}Kz·unzSuw`ceynz½KeRd«®
ÐEqcn`1mnzquw}Kz yneÃEq}ynem'¥¦qywuw`ceRyXmwuwqc]v
unz~qceRynmwuorc·}unm
}d/5oRuiz«uw`ce@ceRu»­zywªSorcuw`ce¨zuw`ceRyqcmneRynm´®
   	[ , '*Î+' 	0 &56¨ 	! ""6
"ice~zr¥3uw`ce½5omw}K~ommwqd/uw}Kzcmzr¥3_¬­x}KmGuw`5orug¾¬$#3muwyo¸eRynmeSuw`ceyneR¸eRynmeSn`5orceR
J}uw`czquGorEvÀ]}Kmwuwqyw½5orce®À_a`ceRv·orynetmwqzmeÀunz~ynepon`1uw`ceµmnzqyneomPuw`ceRvNKeB¥¦uPuw`ce
emnuw}5oruw}KzÁ®~ »¥uw`}KmP}Km'uw`cetpomne7uw`cetmnzqynepor·yneRv
z·uw`}KmPRKz=nªNunz«qcemnmPJ`5oruP}Km
`5oreR}/zµuw`ce¥²zyw­orynµ`5orceRÅ®¯_a`}Kmamw`czqKtynemwqu­}oreB¢gR}KeREuJynezp¸eRywvg`5ome®
¾iKmnzuw`}Km3mw`czqK¼v=}KeRK¶oG¥Åomwu@}cRynepomneP}¼uw`cePJ}cz´ orc¶otmwdGz=zuw`¶uwyorcmwd/}Kmnmw}Kzzr¥
5oªeRunmp® 8:zp©eR¸eRypÁ}¼unz=cov]m:ceRu»­zywª=mpdgorEvS5oruw`cm¨orynePynemneREuw}«mnzdGe'½5orc]J}K]uw`
omnvEd/dGeRuwywv½eRu»­eeR·uw`cegu»­z¼]}yneRuw}Kzcm´®« »·zyneRyunzSynzp¸=}Keto«`}`·mnee
 ¡+uneRywceRu
oemmpIuw`ceGpor5oR}u¡v
zr¥­uw`ceP¥²zyw­orynÀ]}yneRuw}KzN}Km3}cRynepomne
qcmw}«moruneR}unegz´J]°Å}ª=m
zyipor½Kemp® 8:zp­eR¸eRypoXKz´Îmween`5orceRÅmwqc`~omio/]}Vor¤°ÅqSdGzEeRd¿}ce}Kmmwuw}[qcmne
unz/porywywvµ¾¬$#3mJ½5oªunzXuw`ce3mnzqyne - Äcqyne ;).B®$¾imor«eBscord/Ke3zr¥mwqcn`ceRu¡©zywª]m©e'mnee
uw`ce i}yneRu ©ynzopomnutÐ]oruneR}une«ceRu¡©zywª]morcº¾:mwv=d/dGeRuwyw}K :}}uor:ÐEq½cmnRyw}½eRy  z=z
- ¾¨Ð  .XceRu¡©zywª]mp®)Ï¸eR}¤¥¨¾¬$#3mµoryne«zr¥¨mwdgorimn}³peJ}uw`ynemweRuGunzÀcoruo¶5onªeRunmp
uw`cePyneR¸eRynmneX`5orceR$d/}`+u3½e'q5or½KeXunzµporywywv~uw`ce`}`¶yorune/zr¥©¾¬$#3m@}¤¥©uw`ceP¥¦zywaoryn
}ªÀ`5omXunz¼½e¥¦qvNquw}}³peI®·_a`}KmXynemwqunmX}ºo~zemnuw}Kzorc KzmnmnemXz1uw`ceµ¾¬$#
`5orceR - oru/z}EuG¾ .B®7 »¥uw`cetyneR¸eRynmnen`5orceR}Kmqcme orKmzS¥²zy/coruo]$uw`ceµynz½KeRdzr¥
omnvEd/dGeRuwywv¶J}$½eGeBscoeRyw½5oruneI®3oruo5oªeRunmzr¥aVorywegmn}³peGz+uneRc
¥¦zy¨½5orc]J}K]uw`
J}uw`mwdgor7¾¬$#5onªeRunm3J`}K`¶ynemwqu@}¼dGzynePynz½KeRdGm3mwqc`
om:¾¬$#zd/ynemnmn}KzÁ®
¾iKmnzuw`cez+uneR+uw}Kzt½eRu»©eeRdgor+vGzceRuw}Kzcm$¥¦zy$uw`cemwdgor½5orc]J}K]uw`µop¸or}Vor½Kez
uw`ce@yneR¸eRynme@5oruw`dgovtynemwquJ}q]¥²or}ywcemmp®7Â
e3por«zcmw}KeRyJuw`cemne@ynz½KeRdGmÄcynmwuomo
ynemnqu¨zr¥©uw`ceXyneR}VorceGzr¥a_¬­xÎorzyw}uw`dGm¨zuw`ce/¾¬$#§RKz=nª®/Ð=ezcIom¨otynemwqu¨zr¥
MJMONPQRQR
A4;   4& ( &'  	
F )
Destination
B A
Slow Reverse Link
High-Speed
Forward Link
Source
Í!}qyne ;?¾iSomwv=d/dGeRuwyw}K35oruw`
uw`ce@`}`yorune¨oruJJ`}K`S¾¬$#3moryne@eRceRyorune - or«¾¬$# ¥²zyeR¸eRywvu¡©z/5oªeRunmJ}¤¥!¾¬$#3m
oryne3eRVopve .B®
­eB¥²zyne3mwuwqc]v=}/uw`cemne@z}+unmorcuw`ce@ynzzmnemnzquw}Kzcm´]KeRuJqcmeBÄcce3uw`ce¨omwv=dX°
dGeRuwywv·¥ÅoRunzy  ® ¡ 0 ?D3» k}KmgeBÄcce,omGuw`ceyoruw}KzNzr¥@uw`ce«½zuwuwKeRcenª1yorune«zuw`ce
¥²zyw­orynµ5oruw`}µuneRywdGmJzr¥7coruo'5oªeRunmJeRy­q}uzr¥uw}dGe@unzuw`ce:½zuwuwKeRcenªµyorune@zµuw`ce
yneR¸eRynme35oruw`S}«uneRywdGm:zr¥¾¬$#5onªeRunmieRyuw`ce¨mordGe'q}uzr¥uw}dGe®©_a`}Km¥²oRunzyiyneRyneB°
meR+unm3uw`ce/z´¸eRywKzoNzuw`ceXyneR¸eRynmneG`5orceRÅ® :qceXunzuw`ce/mwdgor$mw}³pe/zr¥a¾¬$#3m - qcmwq5orv
;6? ­v=unem .J}uw`ynemweRu3unzcoruot5onªeRunmp[uw`ceXyneR¸eRynmne/n`5orceR©ceem3czu3unzµ½eXzr¥­uw`ce
m ordGeyopyorune3om©uw`cei¥¦zywaoryntzce®¾ 5oruw`}Km­ynemneREuw}GmnzdGe½5orc]J}K]uw`«omwv=d/dGeRuwywv
}¤¥
  
Íczywaoryn«½5orc]J}K]uw`
jieR¸eRynmne@½5orc]J}K]uw`
¾¬$# 5onªeRu:mw}³pe
3oruoX5oªeRuimw}³pe  	
Í!}ynmwupÁ©eGmwuwqc]v¼uw`ceGpomne/zr¥oµmw}KeGzceRuw}KzÀqcmw}SoµmwKz´yneR¸eRynmneG`5orceR$¥²zy3}unm
¾¬$#3m´®¹_a`ceS}d/5oRutz,eRy±¥¦zywdgorce~zr¥'¾¬$# zemwuw}Kz¹orc,KzmnmnemG}KmgdGeR+uw}KzceI®
Ð=ezcI­eXmwuwqc]vuw`cePynz½KeRdGm@uw`5oru@orepory@J`ceR¼dquw}Ke/zceRuw}Kzcm3z+uneRc¼¥²zy
uw`ceyneR¸eRynmnen`5orceRÅ®¯_a`ceJ}+uneRyoRuw}Kzt½eRu¡©eeRg¥¦zywaoryngzceRuw}Kzcmaom$©eRom½eRu»©eeR
¥²zyw­oryn~orcyneR¸eRynmne¨zceRuw}Kzcmi}Kma`}`}`+uneI®
  	     	     
 
_a`cea`}`/yoruneJzr¥¾¬$#3m$porqcmnem$o@ÃEqceRqce­½q}K]}¨}/uw`cea½q]£eRy$zr¥uw`ceayneR¸eRynmnea½zuwuwKeRcenª
- ¾,}/Äcqyne ;).B®!_a`}Km¯}cRynepomnem©uw`cej7_J_ºzr¥Iuw`cezceRuw}Kztorcporqcmnem$Kzmnmem$zr¥¾¬$#3m´®
_a`ce:}cRynepomne@}µuw`ce@j7_J_ynemwqunma}«o'uw`ynzq`quieRuneRyw}Kzyoruw}Kz«}¸eRuw`5oruauw`ce:mzqyne
}KmPorquw`czyw}³pe·unz«uwyorcmwd/}uXzv
zceGJ}cz´zr¥5oªeRunmeRyj7_J_3®¾Kmnz}umnKzpmuw`ce
ynz´Juw`zr¥[uw`ceuw`ynzq`quJJ`}K`µ}d/5or}ynm­¥ qywuw`ceRy­uw`ce:eRy±¥²zywdgorce:J`ceRtzeRyoruw}/z
oPKzeRVovµ5oruw`SzyJ}~oPKzmnmnvteRE¸E}ynzdGeREup®
ab9M(ac
 	

 AB
_a`ceKzmnm©zr¥I¾¬$#3m©]}Kmwuwqyw½cm­zcezr¥Iuw`cedgor}g¥ qcRuw}Kz5or}uw}Kemazr¥Iuw`ce¾¬$#ÎRKzEª+uw`5oru
zr¥­mwdGzEzuw`}µuw`ceuwyorcmwd/}Kmnmw}Kz¶yorune®3_a`cePJ}czpmn}Kem:ÃEq}Knª=v«qz¶uw`ceyneeR}u3zr¥
or
¾¬$# z´¸eRyw}«d'quw}KegKzmwu3¾¬$#3m'orc
ot½qynmwu¨zr¥­5onªeRunm¨}Km3meR+up®X_Áyorcmwd/}uwuw}
}½qynmwunmµdgopv,zp¸eRywJ`ceRd uw`ce¼½q]£IeRynmzr¥'uw`ceS¥¦zywaoryn¹]}yneRuw}Kz¹J`}Kn`¹ynemwqunmt} o
eRy±¥²zywdgorceeRyocoruw}Kz 0f@?!?43»®« »¥uw`ceGyneeR}¸eRyGonª=czpJKe]emGeR¸eRywv
coruoS5onªeRup
zce¾¬$#z´¸eRy  }KmizywyneRuwv«yneeR}¸eI®i_a`}Kmynemnqunmi}~uw`ce¨uwyorcmwd/}Kmmw}Kz¼zr¥$½qynmnunmizr¥
mn}³pe   oru@uw`cePmzqyne®¨_a`ceXzceRuw}Kz
}Km@mwqzme~unzt½e'}¶uw`ceXmwunepo]v¼mwuorune®¨_a`+qcm´
uw`ce'¥²zyw­oryn~½q]£eRynm:d'qcmnui½eoru:Kepomwuizr¥©uw`cemw}³pezr¥$uw`cePomnvEd/dGeRuwywv¥ÅoRunzy"0 ?D3»®¾iKmnz
uw`ce'Kzmnm:zr¥¯¾¬$#3mimwKz´m@zpJ¼uw`ce'ynz´Juw`¼zr¥$uw`cePzemwuw}Kz¼J}czp J`}Kn`¼ynemwqunm:}
ozEzy@eRy±¥¦zywdgorceX}pomneXzr¥­KzµeRVopv~5oruw`cmorc~Kzmmwv«}ª]mp®' ¡u@`5om@½eeRmw`cz´J
uw`5orup]}«pome:zr¥!yorczd§Kzmnmnemazuw`ce:¥²zyw­oryn]}yneRuw}KzÁ5uw`ce@op¸eRyore3uw`ynzq`quizr¥o
_¬­x,zceRuw}KzS¸oryw}Kemomauw`ce3}E¸eRynmne¨zr¥7ynzEzumnÃEq5oryne3zr¥   0 ?D3»® 5izune@`ceRyne3uw`5oruJuw`ceme
ynz½KeRdGm'}uw`ce/zeRyoruw}Kz·zr¥­_¬­xÎpor
½e/z½cmeRyw¸e
orKmnz}¤¥­¾¬$#3mPoryneXKzmwu@¥²zy¨zuw`ceRy
ynepomzcmXuw`5or1½5orc]J}K]uw`,omwv=d/dGeRuwywv omX} uw`cepomnezr¥3oS½5o1ÃEq5or}u»v ¾¬$# 5onªeRunm
`5orceRÅ®
_a`ce3ynzzme«mnzquw}KzcmunzXuw`}Kmynz½KeRd por«½e3]}¸E}KeS}+unz/u¡©zgu»v=emozyn]}
unz~J`}Kn`ºmn}Kezr¥uw`cetyneR¸eRynmnet5oruw` uw`ceRv·oryneµor}KeI®
jieeR}¸eRyXmn}Kemnzquw}KzcmXuwywvÀunz
mz¸euw`ce:ynz½KeRd½+vyne]qcR}/uw`ceizemwuw}Kz«ztuw`ce:yneRuwqywµ5oruw`Á®$_a`ceÄcynmnuamzquw}KzÁ
porKetÐ   ¡x	8iepoeRy©¬­zd/ynemmw}Kz 0CA+3»Ezd/ynemnmnemuw`ceJ`cepoeRynm©zr¥_¬­xN5onªeRunm­z/uw`ce
mnKzpºn`5orceR - ¾°+=.unz@}cRynepomnea}unm¯por5oR}u»vX}/uneRywdGm$zr¥I¾¬$#)5onªeRunm$eRyq}u$zr¥uw}dGe
uw`EqcmunzgeRynepomne¨uw`ce@¥ÅoRunzy   ®© »uynzrÄcunm¥¦ynzd§uw`ce3¥ÅoRuuw`5orudGzmnuzr¥uw`ce3}]¥¦zywdgoruw}Kz
}SoG_¬­xº`cepoeRyz! u`5oreorKzGuw`ce'zceRuw}KzS}¤¥²eRuw}dGe®
_a`cezuw`ceRy¯mnzquw}Kzcm©ynzzmneJunz3yne]qceiuw`ceJyorunezr¥I¾¬$#3m 0f@?D3»®  emnm¯¾¬$#3maorynemneREu
unzuw`cePmnzqynemzomiunztop¸z}K¼zemnuw}KzÁ®i_a`}Km3orKeR¸=}Vorunemiuw`ceynz½KeRdzr¥$uw`ce'}cRynepome
} j7_J_3®¾iKmnz$om©etJ}Jmw`czpVoruneRyp}uXmnz¸emPuw`cegynz½KeRd zr¥¥Åor}ywcemnmJ`ceR dgor+v
zceRuw}KzcmPz+uneRc
¥¦zy3uw`ceGyneR¸eRynmneGn`5orceRÅ® 8:zp©eR¸eRyp!uw`ce/Kzmm¨zr¥a¾¬$#3m'mwuw}¯eBs]}Kmwu
orcSmnzdGe3mnzquw}KzcmioruJuw`ce'mneRceRyioryne@yneÃEq}yneI®
_a`ceXÄcynmwu3ynzzmw}uw}Kz
unz«orKeR¸=}Vorune/uw`ceGzemwuw}KzÀ}Km@unz«eRVov¾¬$#3m'oru¨uw`ce/emnuw}¤°
5oruw}Kz 0f@?43»®@¾i¼¾¬$#}Km@mneREu@eR¸eRywv  5onªeRunm¨orcor
ocoruw}¸ePdGen`5or}Kmwd`5om@½eeR
ynzzmneNunz~`5ore  omXo¥¦qcRuw}Kz zr¥uw`cegzemwuw}Kz1zNuw`cet¾¬$#¿5oruw`Á®S¾iczuw`ceRy
ynzzmw}uw}Kz 0f@?D3ªeeRcm!uw`ce­emnuw}5oruw}Kz/qcn`5oreGorcXmnz¸em7uw`ce©ynz½KeRd }Puw`ce©½q]£IeRy
zr¥uw`ceyneR¸eRynmne:½zuwuwKeRcenª - }t¾ .B®E ¡u­ynzrÄcunm¯¥¦ynzduw`ce¥ÅoRu­uw`5oru­uw`cei}]¥²zywdgoruw}Kz«porywyw}Ke
½Evg¾¬$#3m­}KmaRqd'qVoruw}¸e®Â`ceR«ort¾¬$# orywyw}¸emoru©uw`ce:eR+uwywvtzr¥Áuw`ce@mwKzp)n`5orceR - ¾ .B
uw`ce@½q]£IeRyJ}KmJmnporceµunz/mnee:}¤¥$orczuw`ceRy¾¬$#zr¥uw`ce3m ordGe3zceRuw}Kz«}Kma½q]£eRyneI®¯_a`ce
zKµ¾¬$# }Km­uw`ceR«mwq½cmwuw}uwquneµ½Evguw`ce:ceR zce®_a`ce3ÃEqceRqcei}µuw`}Kma½q]£IeRyJ}Km­uw`ceRdgor}]°
uor}ce«oruoPmwdgorKeRuw`J`}Kn`yne]qcemuw`ceiVoruneRcRv®©¾+or}Á=uw`ce@ynz½KeRd§zr¥7¾¬$#ÎKzmm
}Km­czu­ynemnz¸eI®Â
e@portqceRynmwuorcµuw`}Kmamnzquw}Kz«omao'ÄcuneRyw}/zr¥[uw`ce@¾¬$# mwuwynepordunz
MJMONPQRQR
A<   4& ( &'  	
F )
dgorun`G}unmyoruneaunz@uw`ceJyoruneJzr¥uw`ceayneR¸eRynmne`5orceRÅ®¾¬$#3mJ}c½ea5oruwqyorv'ÄcuneRyneG½+vGo
:ynzg_!or}5½q]£IeRy$½qu¯mnzdGeRuw}dGeVoruneRy$J`ceRg}u¯eRunm¥¦qÅ®!_a`ce+or}G}GeRy±¥¦zywdgorceJ`ceR
uw`ce¾¬$#¹yoruneJ}Kmyne]qcezdGem¥¦ynzd uw`cea¥²oRu¯uw`5oru$uw`ceJ5oruwqyorÄcuneRyw}}Km¯or+uw}KR}5oruneI®
¾ mnzquw}KzÎoruuw`cemzqyneunz uw`ce¶Kzmnm«zr¥X¾¬$#3myneÃ+q}ynem~o ezq}½eRu»©eeR
_¬­xdGen`5or}KmwdGmXorcuw`ceG¾¬$# RKzEª® 8:zp­eR¸eRyp!uw`ce/ynz½KeRd zr¥a½qynmwuw}cemnmporczu
½egzd/KeRuneRvÀynemnz¸eÀ}Àuw`ceµor½cmneRcetzr¥ior+v
5oªeRuXmn5oR}c®~ ¡upor·½eµorKeR¸=}Vorune
½Ev
}d/zmw}
o«}d/}u/z uw`cemn}³petzr¥i½qynmwunmp® ­qu} uw`}KmXpomne7J`ceRyne¾¬$#3m/orynetKzmwu
mnv=mwuneRdgoruw}Kporv+}d/}uw}¨uw`ceJmw}³peJzr¥½qynmwunmJ}}d/}u$uw`ceauw`ynzq`qu­zr¥uw`ceJzceRuw}KzÁ®
¾iczuw`ceRy©mzquw}Kzg`5om©½eeRGynzzmne 0f@?435unz¨ynezcmnuwywqcRu¯uw`ce¾¬$#ÎRKzEªgoru¯uw`ceizquwqu
zr¥Iuw`ceyneR¸eRynmnemwKz´,n`5orceR - oru"=.B®+Â,`ceRort¾¬$#Îorywyw}¸emaoru@Eorcuw`ced/}Kmnmw}'¾¬$#3m
½eRu»­eeR~uw`cemneÃEqceRce¨+qd½eRy:}uporywyw}Kem@orc«uw`5oru:zr¥7uw`ce'Vomwui¾¬$# yneeR}¸e~oruX oryne
eRceRyoruneI®Î_a`ceSeRceRyorune¾¬$#3moryneSmw5oe,½+vo
uw}dGeS}EuneRyw¸or@eRyw}¸e¥ ynzd uw`ce
op¸eRyoreyorune@oru¯J`}K`t¾¬$#3m©eRu©zqu­zr¥Áuw`ceyneR¸eRynmne:mwKz´,n`5orceRÅ®¯_a`}Km¯ynezcmwuwywqcRuw}Kz
dgopv«zcmw}Kmwu3oGmnzquw}Kz~unzguw`}Kmi5orywuw}KRqVory@ynz½KeRd«® 8:zp­eR¸eRyp"uw`ceeRceRyor!ynz½KeRd zr¥
_¬­x)½qynmnuw}cemnm@qz¾¬$#Kzmnm@mwuw}7eBs=}Kmnunmp®'Ð=zdGePdGepomwqynem3mw`czqK¼½euorªeRNoru:uw`ce
mzqyne3unzGo¸z}KSuw`ce3zp¸eRywKzoSzr¥7ceRu»­zywª½q]£eRynmJ}uw`«Kz/½qynmwunmp®
    	     
       
  
¬­zcmn}KeRy'ÄcynmwuPuw`ceµpomneGJ`ceR dquw}Ket¥¦zywaoryn·zceRuw}Kzcm/zEuneRcÀ¥¦zyPuw`cegyneR¸eRynme
`5orceR - ¾°+Î}¼Äcqyne";).B®' ¡¶uw`ceXor½cmeRce/zr¥­or+v¶¾¬$#ÄcuneRyw}cÁuw`ceÄcynmwuwv~mnuorywuw}
zceRuw}KzJ}Ez´¸eRy ,5zp·uw`ceyneR¸eRynmne½q]£IeRy - uw`ce½q]£IeRyÁ}'¾ .B®Â`ceRorczuw`ceRyzceRuw}Kz
orywyw}¸em´}u}Km¸eRywvPynz½5or½KeE]qceunz@uw`cezemwuw}KzG}/uw`}Km¯½q]£eRypuw`5oru¯uw`ce¾¬$#3m$zr¥uw`ce
Äcynmnui5oªeRunm@}u:uwyorcmnd/}unmieRu@Kzmwup® 8:eRyneuw`ce'ceR zceRuw}KzJ}mwq]£IeRy¥¦ynzd omwKz´
}cRynepomei}µ}unmauw`ynzq`quiorcozmnmw}½Ke@_a}dGezqup®$_a`}Kmaynemwqunma}«o½KzEªore3zr¥7or+v
ceR)zceRuw}Kzq+uw}Iuw`ce:zd/}5or+uzce:yne]qcema}unm­uw`ynzq`qu 0 ?D3»®_a`ce:dgor}tporqcme
¥²zy[uw`}Km!}Km!uw`5oruo :ynzX_or}]½q]£eRy!uwyneporu$orywyw}¸E}@5oªeRunm7J}uw`uw`ce­mordGe©dgorceRyp®!¾¬$#3m
zr¥oPceRzceRuw}KzÁ5zyJuw`czme3zr¥oXzceRuw}Kz«uwyorcmnd/}uwuw}toruoXmwdgorIJ}cz´¨cd'qcmnu
½e@}¸eR~eRywuor}~yw}Kzyw}u»vunz/KeRuuw`ceR}yJ}czpÎynzpÎunzgoX`}`S¸orqce® "ice'ynzpJÁ5uw`ce
eB£IeRu¯zr¥I¾¬$#¹Kzmnmnem$½ezdGem¯Kemnm}d/zywuor+up®$_a`ceJyneR¸eRynmeJ½q]£eRy¯d'qcmwu©½eauw`ceRgmn`5oryne
¥Åor}ywvP½eRu¡©eeRtuw`ce¾¬$#3m¯zr¥Á]}¤£IeRyneR+u©zceRuw}Kzcm´®¾JRuw}¸e½q]£IeRy$dgor5oreRdGeR+uaz}KR}Kem
om­Í7jÏ  0 ]f3Ipor½eqcmeI®¾Kmnz]or+vgdGen`5or}Kmwd uw`5oruayne]qcem­uw`ce:eRceRyoruw}Kztyorune@zr¥
¾¬$#3miomoP¥¦qcRuw}KzSzr¥!uw`ce3zemnuw}KzS}uw`ce3yneR¸eRynmne¨½q]£eRy}d/ynz´¸emuw`ce@¥Åor}ywcemnmp®
5iz´¨=o3¥¦zywaoryntzceRuw}KzµpororKmnz'zEuneRcg¥²zy$uw`ceiyneR¸eRynmne½q]£IeRy­J}uw`tozceB°
uw}KzmneRc]}'coruo@}/uw`ceJyneR¸eRynme]}yneRuw}KzÁ®_a`ceJuwyorcmwd/}Kmnmn}KzGuw}dGezr¥Áo3coruo@5onªeRu©z
uw`ce@yneR¸eRynme3}ª}Kmd'qcn`SyneporuneRyuw`5or«uw`5oruzr¥7¾¬$#3mp®$_a`}KmJJ}[eRynepome¨zcmw}KeRyor½v
uw`ceP½5orc]J}K]uw`Àop¸or}Vor½KeXunzµ¾¬$#3m@J`}K`
}cRynepomnem@uw`ce/omwv=d/dGeRuwywv«¥ÅoRunzy  ·®3¾¬$#3m
oryneiuw`ceRµeRVoveo¥ uneRyacoruo'5onªeRunm­J`}Kn`µ}cRynepomnem­uw`ce:j!_J_)orcuw`cei¾¬$#ÎKzmnm©yorune®
ab9M(ac
 	

 A
 »¥Áuw`ce¥¦zywaoryntzceRuw}Kzµ}Km­czp)mneRc]}Goru­`}`yorune@mnz'uw`5oru©}uazp¸eRy ,5z´mJuw`ceyneR¸eRynme
½q]£IeRy@J}uw`~}unm3¾¬$#3m´"uw`ceXcoruo5onªeRunm3zr¥©uw`ceyneR¸eRynmePzceRuw}KzJ}7½e¨¥¦yneÃEqceR+uwv
Kzmnup®/_a`ce/yneR¸eRynmneGzceRuw}KzÀyne]qcem¨uw`ceR
}unm3uw`ynzq`quJ`ceRynepom¨uw`ceX¥²zyw­orynNzce
zEuw}+qcem¯unzi}cRynepomea}up®¾i+or}Áuw`}Km7J}]ynemwqu}Goi½KzEªoreazr¥"uw`ce­yneR¸eRynmneJzceRuw}Kz
qEuw}cuw`cea¥²zyw­orynzceeRcm=0 ?43»®7_a`}Kmynz½KeRdyneÃ+q}ynem­orG}+uneR}eREu­]ynzGz}KRvPuw`5oru
ynz`}½}unmoPzceRuw}Kzµ¥¦ynzdz=Rq+v=}goruw`ce:½q]£eRyp®3oruo5onªeRunm­Äcctuw`ceR«oVoe
}guw`ceyneR¸eRynmneJ½q]£IeRy©eR¸eRg}¤¥uw`cei¾¬$#3m©oryneJuwyorcmnd/}uwunetoru$`}`yorune®%5iz´¨unz3ynz`}½}u
coruoG5onªeRunmi¥¦ynzd ½Kz=nª=}g¥²zyKztuw}dGe¨uw`ce¨yneR¸eRynme'5oruw`ÁorS}EuneR}eR+u3mnn`ce]q}
z}KRv¶porN½e/eR+¸=}KmoreÀoru¨uw`ceG}quzr¥auw`cegmwKz´}ª - oru¨ynzquneRy¾ .B®I_a`ceor}d }Km'unz
meRyw¸e35onªeRunm:ozyn]}unzXuw`ceR}y:mw}³pe®$|¶or+v¾¬$#3mpor«uw`ceRS½e¨meRyw¸e½eRu¡©eeR¼coruo
5oªeRunmp®
¾czuw`ceRy­`ceRczdGeRczµczuw}KeJ`ceRtdgor+vzceRuw}KzcmJeBs=}Kmwu©}guw`ceiu»­zP]}yneRuw}Kzcm
}Km:uw`ce , ,
   !#  "   0 ;cf3»®3 ¡~uw`}Km3pomneuw`cePyneR¸eRynmneX`5orceR}KmiuorªeRczu@unz=z
mnKzpºmnz@uw`5oru}/uw`ceor½cmneRceJzr¥yneR¸eRynmneJcoruo@5oªeRunmp+¾¬$#3m$yneRuwqyw/unz@uw`cemnzqyneom!¥Åomwu
om:uw`ceRv~oryneuwyorcmwd/}uwuneI®3 »¥¯uw`cemneP¾¬$#3m3orywyw}¸eunzog½q]£eRy3o¥¦uneRy@otcoruog5onªeRupIuw`ceRv
J}½eJÃEqceRqceXq+uw}cuw`ceJcoruo@5oªeRu$}Kmuwyorcmwd/}uwuneI®_a`ceJ¾¬$#3m$ynepon`guw`ceR/uw`ceJmzqyne
}À½5orunn`cemXJ`}K`·ynemnqunm'}·½qynmwuw}cemnmXorcNzmnmw}½v}ÀKzmnmnemp®S_a`cemnzquw}Kz·`ceRyne}Km
unzG}¸e¾¬$#3myw}Kzyw}u»vSz´¸eRy:coruoG5onªeRunmp®J_a`ce'uwyorcmwd/}Kmnmw}Kz¼zr¥$ogcoruo/5oªeRui}Kmuw`ceR
}EuneRywywquneunztKeRu@uw`ceP¾¬$#3m@5ommp® : }¸eR¶uw`ceX]}¤¢gRqu»v¼unz}d/KeRdGeREu'mwqc`¶mzquw}KzÁ
mzdGe@dGepomwqynemdqcmwu½e@uorªeR~oruuw`ce3mnzqyne3unzGorKeR¸=}Vorune¨uw`ce@ynz½KeRd zr¥!½qynmnuw}cemnmp®
    %'&n&
 ¡¼uw`}Km@©zywª©eP`5o¸e/mwqd/dgoryw}³pe¶dgorEvSynz½KeRdGm3uw`5oru¨o£IeRu3_¬­x)eRy±¥²zywdgorceX}
uw`ce/ ¡+uneRywceRuzr¥­unz=cov®G_a`ceX}d/5oRuzr¥­uw`ceXceR `5oryoRuneRyw}Kmwuw}KmPzr¥­ ¡+uneRywceRu¨5oruw`cm'`5om
½eeRºynemneREuneI® _a`ceSmnuwqc]v·`5omg½eeR)ozd/}Kmw`ce,}ceReRceREuwvzr¥3uw`ce«ceRu»­zywª
u¡vEe®iÐ=zdGePzr¥uw`cemnzquw}KzcmiynzzmneS}~uw`ce¨}uneRyoruwqyneP`5o¸e½eeRSdGeR+uw}KzceI®:|¶or+v
zr¥©uw`cemneXmnzquw}Kzcm@©eRynePynzzmne¼}og5orywuw}KRqVory¨z+uneBs]u¨mwqc`om3otmoruneR}unePceRu»­zywª
zyXoJ}yneRKemnmPceRu¡©zywª®«Â
etmw`czp­eÀuw`cegquw}}u»vNzr¥uw`cememnzquw}KzcmPz1oeRceRyor­5oruw`
`5op¸E}SoteRywuor}N`5oryoRuneRyw}Kmwuw}K®X_a`ceGor5orv=mn}Km@ynzp¸=}Kem3qcm@J}uw`NorqceRynmwuorc]}Szr¥
uw`cegdGen`5or}KmwdGmX_¬­x qcmne¶¥²zy'uw`cez+uwynzazr¥zemwuw}KzÁ7zr¥ ,5zpzr¥J5onªeRunm/orcNzr¥
uwyorcmnd/}Kmnmw}KzSeRywynzynmp®
_a`ce@yneR}Vorce3ztuw`ce3¾¬$# RKz=nªg¥¦zyauw`ce@uwyorcmwd/}Kmmw}Kzzr¥5onªeRunm}Kmauw`ce@dgor}µporqcme
¥²zyuw`ce¨mn}d/}KR}u»v«zr¥ ,5zp z+uwynz!}S_¬­x®x7onªeRunm3oryne¨mneREu}~oG½qynmwuJ`ceR¼or~¾¬$#
}Km¨yneeR}¸e
J}uw`czquPorEvªE}cNzr¥­yorunez+uwynzÅ® 5izSocoruw}¸egdGen`5or}KmwdGmXoryneGqcmeunz
mn5oeµuw`ceµ5onªeRunmgzr¥3o¼½qynmwup®1Ð=zdGeRuw}dGempJoS}d/}uz1uw`ceµdgos=}dqdmw}³peµzr¥:½qynmnunm
}Km@VoeI®/¾ }d/}u3`5om3½eeR¼ynzzmne¶¥²zy@uw`ceX½qynmwu3uw`5oru3dgov¼½e/mneR+u'oru3uw`ce/eRczr¥
MJMONPQRQR
A2   4& ( &'  	
F )
Í"omwuPjiezp¸eRywv 0f@<43»®_a`cegEqd'½eRyGzr¥i5oªeRunmXuw`5oruP­eoryneµorKz´©e unz¶mneRcÀJ`ceRºor
¾¬$#§}Km3yneeR}¸eÀorcNJ`}Kn`·oryneG}NeBs]emm¨zr¥­uw`ceG}d/}u'Voe
z
uw`ceG½qynmwu'mw}³pe!oryne
uwyorcmnd/}uwune«qz«uw`ce3yneeR}uzr¥uw`ce¨mwq½cmeÃ+qceREu¾¬$#3mp®­quuw`}KmimwqzmnemJ}d/}KR}uwv
uw`5oru:uw`cePmwq½cmneÃEqceR+u3¾¬$#3m3oryne'czu:Kzmwupzuw`ceRywJ}KmnePuw`ce'Eqd'½eRy@zr¥©5onªeRunm3eBsee]}
uw`ce@}d/}uJ}Á}cRynepomne'orcSoPuwyorcmnd/}Kmnmw}Kz~oruio¥¦qIJ}czpÎJ}Áczu½e@zmmw}½Ke®
_a`cemwdGz=zuw`cemnmPzr¥Juw`ce ,5z´zr¥coruoS5onªeRunmP}Kmuw`ceR·mwuwynzv
eReRceR+u/zÀuw`ce
]}Kmnuwqyw½5orce/zr¥©uw`ceX¾¬$# RKzEª®X¬­zemwuw}Kz
z+uwynz¯}¶_¬­x `5om¨orKmnzt½5omne¼}unm¨orzr°
yw}uw`dGmizSuw`}Kmi¾¬$# RKz=nª®©_a`ce¨Äcynmwuiorzyw}uw`d }Kmuw`5oruqcmeunz/}cRynepomne'uw`ce¨J}czp¨®
_a`ceGJ}czp }Km'}cRynepomne
qz
uw`ce/yneeR}uPzr¥JorÀ¾¬$#/®[Íqywuw`ceRypuw`cegordGzq+uXzr¥auw`ce
}cRynepome}Km­o3¥¦qcRuw}Kztzr¥Iuw`cei+qd½eRyJzr¥[¾¬$#3m©yneeR}¸eI®$_a`cemnezcµorzyw}uw`d}Km¯Í5omnu
jieRuwyorcmwd/}up®¾¹5oªeRu­}Kmazcmw}KeRyneµKzmnu©}¤¥[uw`ynee:q}Kporune3¾¬$#3mJoryneiyneeR}¸eI®­Ð=zdGe
¸eRynmn}KzcmPzr¥:Í5omwuXjezp¸eRywv·eReRc z·uw`}KmXRKzEªN½+vNqcmw}~uw`cetEqd'½eRyGzr¥ iq}Kporune
¾¬$#3m'unzSemwuw}dgoruneGuw`ceG+qd½eRyXzr¥a5onªeRunmP}
uw`ceG}e®t¾Kmnz[}
uw`ceor½cmeRceGzr¥or+v
eBs]}KR}u}]¥²zywdgoruw}KzS¥¦ynzd§uw`ce3ceRu¡©zywª"_¬­xzcmw}KeRynmuw`ce3Kzmnmzr¥$oX5oªeRu@omoGz]°
emnuw}Kz¶mn}5orÅ® "iuw`ceRy'orzyw}uw`dGm3zr¥­_¬­x¹eReRc¼z¶uw`}Km@RKz=nª¼om:uw`ceXemwuw}dgoruw}Kz
zr¥
uw`ce@j7_J_¹zr¥uw`ce3zceRuw}KzÁ®¯¾Iuw`cemne3orzyw}uw`dGmimwqzmeiuw`5oruauw`ce3¾¬$# RKz=nª}Kmaczu
]}Kmnuwqyw½eµorctyneRynemneR+uJeRy±¥¦eRuwvgJ`5oru­}Km­`5oreR}/zuw`cei¥²zyw­orynµ]}yneRuw}KzÁ®$_a`ceRv
oryne'mneRcmw}uw}¸e3unz/Kzmmzr¥7¾¬$#3mczuunz/uw`ce¨`5ore¨}«uw`ce'mw5oR}G½eRu»©eeR¶¾¬$#3mp®©_a`}Km
VoruneRyin`5oreo£IeRunmJdgor}vµuw`ce,5zp z+uwynzÅ®
Ð=zdGeynzzmn}uw}KzcmG`5o¸eS½eeRynemneR+uneunz
ezqKe«uw`ce«zemnuw}Kzz+uwynz@or¤°
zyw}uw`dGmXzr¥_¬­xÎ¥¦ynzd uw`ceKzmnm'zr¥:¾¬$#3mp®SÍ]¾¬$# 0 3©J}uw`·uw`ceµÐ=¾¬$#¿}]¥¦zywdgoruw}Kz
ezqKemiuw`ce¨Í5omnuijez´¸eRywv«orzyw}uw`d«®V©v=une¬­zqEuw} 0f3ezqKemiuw`ce'ordGzqEu:zr¥
uw`ce¨}cRynepomne3}uw`ce3J}cz´¨®¯ ¡uw`ce'or½cmneRce¨zr¥7yorune¨z+uwynzÅor+vmnzquw}Kz«unz/ezqKe
or/orzyw}uw`d ¥¦ynzdÎuw`ce­Kzmnm!zr¥"¾¬$#3m!ynemwqunm7}/or}cRynepomne­}X½qynmwuw}cemnm´®7ÐEqc`Xmzquw}Kz
mnqzmnem[}d/}KR}uwv3uw`5oru!orEuw`ce$¾¬$#3m!oryne©zywyneRuwv3yneeR}¸e'½qu}¨½5orunn`cemorynzqc'uw`ce
yneporv/yneeR}¸etzcemp® 5:zp¨=eR¸eRg}¤¥[_¬­x orzyw}uw`dGm©dgor5oreiunz'zeJ}uw`t¾¬$# Kzmnmemp
zuw`ceRy7ynz½KeRdGm}X_¬­x
zemwuw}Kz/zEuwynz5mwuw}]eBs=}Kmwup®!_¬­x¶}cRynepomnem7}unm7J}cz´1J`ceR
or¾¬$#}Km:yneeR}¸eI®P_a`ceGordGzq+u'zr¥¯uw`ceX}cRynepomeX}¼uw`cePJ}cz´}Km@}d/}une¶}zyneRy
unzG}d/}uuw`ceorynemmw}¸eRcemnm:zr¥7uw`ce'ynzunzEzÅ®a_a`}KmKepomunztoXz=zyeRy±¥¦zywdgorcezr¥uw`ce
ynzunz=z¯]qyw}«uw`cegmwKzpmwuorywu'`5omne/emweR}Vorv¶zVorywe aorc]J}K]uw`]° @eRVopvNxynz=]qcRu
5oruw`cm´®G¾KmzIuw`}Km¨ynemwqunm¨}Àor
q]¥Åor}ywcemnm¨zr¥auw`ce/ynzunzEz­or+or}cmwu¨KzSzceRuw}Kzcmp®
¾i+or}ÁEuw`ceimnzquw}Kzµunz'uw`cemneynz½KeRdGmayneÃEq}ynemaorµoeRKeRyoruw}Kz«zr¥Áuw`ceiJ}czp)ynzpJuw`
J`}K`Kepomaqcm­unzdGzyne@½qynmnuw}cemnmp®:qyw}/mwKzp mwuorywupo'¥ÅomwuneRy©ynz´Juw`Szr¥[uw`ce:J}czp
unz«ynepon`Nuw`cegceRu»­zywª
por5oR}u»v
}Km3ceeeI®  z¼eRVov
zceRuw}Kzcm`5o¸egunz½eGdGzyne
orynemmw}¸e3}«zyneRyunzGzd/eRcmorune3uw`ceR}yKzgj7_J_3®
Â
eSuw`}ªºuw`5oruµuw`ce¼mnzquw}Kz¹zr¥_¬­x½qynmwuw}cemnmt}Kmtzce¶zr¥¨uw`ce~}d/zywuor+uµ}Kmnmnqcem
}Àuw`ceg}d/ynz´¸eRdGeR+ugzr¥uw`ceeRy±¥¦zywdgorcetzr¥uw`cegynzunz=zÅ®¼¾u»v=}Kpor­mnzquw}Kzºoruuw`ce
ab9M(ac
 	

 A
_¬­x KeR¸eR}Km­uw`ceiemnuw}dgoruw}Kzµzr¥uw`ce½zuwuwKeRcenª½5orc]J}K]uw`Sorcguw`ce:mw5oR}/zr¥Á5onªeRunmp®
8:zp­eR¸eRyp7uw`}Km'mnzquw}Kz·}Km']}¤¢gRquPunz}d/KeRdGeREu/orcN}u'}Km'czuRKepory'}¤¥J}unm'©zywuw`·uw`ce
eB£Izywu¨emweR}Vorv~J}uw`Nuw`ceX}+uwynz=]qcRuw}KzN}uw`ce/ceRu¡©zywªzr¥ajiÏ  ynzquneRynm 0CA?43»® "ice/zr¥
uw`ceXzorKm'zr¥©uw`cemneXynzquneRynm3}Km@unzµªeeR
mzdGe/eRd/u»v¶Voem3}¶uw`ceR}y¨½q]£IeRynm@}
zyneRy¨unz
or½cmzyw½g½qynmwunm­zr¥Á5onªeRunmp®¯_a`}Km¯dgopvG½ezr¥Á}+uneRynemwu­¥²zy$uw`ceizemnuw}Kzµop¸z}Kcorcei`5ome
J`ceRyne'½qynmwunmioryne¨czuJ¥ yneÃEqceR+up®8:zp­eR¸eRypc¥²zymwKz´mwuorywupcuw`ce¨uwyo¢g¨}Km½qynmnu»vt¥¦zyKz
uw}dGe®­¾i+vµynzzmn}uw}KzSunz/yne]qce'uw`ce¨uw}dGe¨zr¥uw`}Km`5ome3J}eBscoeRyw½5orune¨uw`ce3ynz½KeRd
zr¥i½qynmwuw}cemnmp®¾ 5orywuw}KRqVoryGmzquw}Kz·unz¼uw`}KmP`5omnet½5omne z·yorunetzEuwynzJdgovÀ`ceR
_¬­x unz'ÄcÃ+q}KªEvGuw`cei}eJ}uw`czquJzp¸eRywKzo]}/uw`ce:ceRu¡©zywªg½q]£IeRynmp®¾itemnuw}dgoruw}Kz
zr¥7uw`ce@½zuwuwKeRcenªµ½5orc]J}K]uw`¼orcµuw`ce¨j7_J_)KeRunmJuw`ce'mnzqyne@5omnm]}yneRuwvµunzGoPJ}czp
eÃEq5orunztuw`ce Jorc]J}K]uw`]° :eRVopv
xynz=]qcRup®/_a`ceRÁI}u¨mwJ}unn`cem¨unzzemwuw}KzÀo¸z}Kcorce
J`ceRyneauw`ceyoruneJz+uwynz5porG½ea]}Kmor½Ke/unz@yne]qceJuw`ceJz´¸eRyw`cepogzr¥uw`ceJ}d/KeRdGeR+uoruw}KzÁ®
Â
euw`}ª/uw`5oru­o¨½+v=5omnmw}zr¥[mnKzp,mnuorywupEzyaoru¯Kepomwuao@5orywu­zr¥Iuw`}Km©`5omneEJ}5}d/ynzp¸e
uw`ce¨eRy±¥²zywdgorce'zr¥_¬­x,z´¸eRyKzgeRVopv}ª=m´®¯Íqywuw`ceRyiynemneporynn`~}KmJyneÃ+q}yneSunzGmw`cz´
uw`ce:¥²epomw}½}}u¡vµzr¥mwqc`Smnzquw}KzÁ®
_a`cezuw`ceRy/ynz½KeRdunzmnz¸eµ}KmXuw`5oruGzr¥3zemwuw}KzºeRuneRuw}Kzorc yorczd Kzmnmem
zEuwynzÅ®Â
euw`}ª«uw`5oru3or~}d/ynz´¸eRdGeR+u3}¶_¬­xeRy±¥²zywdgorcePyneÃ+q}ynem@ogezq}
½eRu»­eeRSuw`cemne@u¡©z/dGe`5or}KmwdGmp®¯Â
e@+or}«}eRy±¥²zywdgorce3}¤¥7yorczd§Kzmnmnemoryne¨ynezp¸E°
eRyne¶J}uw`czquuw`ceX}+¸z=poruw}KzÀzr¥J_¬­xzemwuw}KzÀz+uwynz©orzyw}uw`d«®  }ª+°ÅKeR¸eR©eRywynzy
ynez´¸eRywvomi¾ij  orcSÍ!Ï­¬:¥²zywdGmior~eB¢gR}KeREudGeporcm¥¦zy`}K]}gyorczd KzmmnemJ¥¦ynzd
_¬­x!® 8:zp­eR¸eRypJyorczdKzmmnemGmwuw}eBs]}Kmwuomg}ºuw`ce«pomneSzr¥@uw`ce«¥²or}qyneSzr¥@uw`ceSÍ!Ï­¬
une`}KÃ+qce®a¬­zemwuw}Kz~por½e3eRuneRune«½Evµuw`ce3}cRynepomne¨zr¥7uw`ce3j7_J_omzce3½Evµ_¬­x
 $eR+om´®:_a`}Km:dGe`5or}Kmwd}¼zemnuw}Kz¶eRuneRuw}Kz}Km:czu@eRczq`¶unzeR}KePuw`5oru¨oGKzmm
}Km­yorczd§orctuw`5orua}u­porµ½eyneRuwyorcmwd/}uwuneµJ}uw`czquaJ}cz´¹yne]qcRuw}KzÁ®$Íczyauw`}Km­ynepo°
mzÁ_¬­x  $eR+ommnuw}Áyne]qcem}unmJJ}cz´½EvoX¥²oRunzyzr¥7u»­zGqz«KzmnmeRuneRuw}KzÁ®¯Â
e
½eR}KeR¸e3uw`5oru@or~eBs]}KR}u}]¥¦zywdgoruw}Kz~¥¦ynzd§uw`ce¨ceRu¡©zywª«}KmyneÃ+q}yneSunz/`ceRSuw`ce¨mzqyne
]}Kmnuw}q}Kmw`S½eRu»­eeR~uw`ce3u¡vEemzr¥Kzmnmemp®©j:orczd§KzmnmnemiporS½e¨porqcmne½Evdgor+vµ¥ÅoB°
unzynm¨orc¶por
orepory3oru@dgorEvSKeR¸eRKmp® »¼eRceRyorÅI}u@}Km@]}¤¢gRqu3unzteRuneRu@uw`cemnePKzmnmem
}ceRu¡©zywªcz=emzyoruuw`ce@yneeR}¸eRyp®©¾Kmnz]}uJ}Km]}¤¢gRquunzX}]¥¦zywd uw`ce¨mnzqyne3zr¥7uw`ceR}y
z=RqywyneRce®¯¬­zemwuw}KzÁ=}zEuwyomwup]por½eJyneR¸=}KeR©et½+v/ynzquneRynm©qcmw}PjÏ ¹ynzquneRynm
omiorSeBsord/Ke®¯_a`+qcmp5}cmwunepo«zr¥]ynz}g5onªeRunm´uw`ce3ynzquneRyipor}]¥²zywd§uw`ce¨mzqyne
eBs]}KR}uwv«zr¥$uw`ce'z=RqywyneRcePzr¥©o/zemwuw}Kz¶}Suw`ce'ceRu»©zywª¼omJ}uw`¶Ï©¬15 0f@2D3»®>8:eRyne
uw`ceJmzqyneayne]qcem}unm7J}czpºqz/uw`ceayneeRuw}Kzgzr¥Ï©¬15,mn}5orKmp®7 Å¥oruw`cea`czmnunm$orc
ynzquneRynm©}Guw`ceceRu»©zywªtoryneÏ©¬15¹zd/}Vor+upo¨Kzmnm$porg½ezcmw}KeRyneµom$dGzmnuwvX]qceunz
yorczd Kzmnm´®[_a`ce­mnzqyne­dgov¨yneRuwyorcmwd/}u7}u7]}yneRuwv¨J}uw`czqu - zyJ}uw`Gomw}`+u .[J}czp
yne]qcRuw}KzÁ®P ¡o]}uw}Kzunzµuwyorcmnd/}Kmnmw}KzeRywynzynmpIuw`}Km@dgopv«¥²zywd omzquw}Kz¶¥¦zy@5onªeRunm
Kzmnu7]qceaunz@uwyorcmn}KeR+u¯zemwuw}Kzg}/ceRu»©zywªXcz=emp®! »ceeI=ouwyorcmn}KeR+u¯zemwuw}KzgJ}
MJMONPQRQR
?   4& ( &'  	
F )
czu@}cRynepomneXuw`ce/op¸eRyoreGÃ+qceRqcePKeRuw`}jÏ  ynzquneRynm¨orc¶uw`Eqcm3Ï©¬15 dGemmorem3oryne
czu:mneR+up®i_a`ce]}¤¢gRqu¡vSJ}uw`¶mwqcn`¼mnzquw}Kz¼}Kmuw`5oru:}uiyneÃEq}ynem@oGeRKzpv=dGeR+u¨zr¥¯jiÏ 
Ï­¬15°»por5or½Ke'ynzquneRynm}~orÁuw`ce¨ceRu»©zywª®­¾Kmnzc}uJyneÃ+q}ynem:o/n`5ore'unzG_¬­xmneRceRynm´®
"ice/zr¥auw`ceG`5orem¨}Km3unzµªeeR
qc`5ore
uw`ceGmnKzp mwuorywu3uw`ynemn`czKNorcuw`ceXJ}czp
mn}³pe¨oruJuw`ce3½eR}}zr¥oXÍ5omnujez´¸eRywvt`5ome®$_a`ce3eB£eRuizr¥7mwqc`ynepoRuw}KzSunzXKzmnmem
zNuw`ceGeB¢gR}KeRcRv
zr¥JceRu»©zywªynemzqynem'quw}³´oruw}KzÀd'qcmwu½eGeeRv¶}E¸emwuw}+oruneI®µ_a`ce
eB£IeRuz«uw`ce¨zuw`ceRy¸eRynmw}Kzcmzr¥_¬­xdqcmwu½e¨orKmnz/eR¸orq5oruneI®©_a`ce¨RqywyneR+u¸eRynmw}Kzcmzr¥
_¬­x¼dgopv'eRuoKz´ÀeRy±¥¦zywdgorce­J`ceR/z+uneRc]}@¥²zy[ceRu¡©zywªPynemnzqynem!J}uw`Gorczuw`ceRy
¸eRynmn}Kz«uw`5oruz=emw! uJyne]qce3}unmJuw`ynzq`quiqz«KzmmeRuneRuw}KzÁ®
Â
e¨½eR}KeR¸e¨uw`5oruuw`ce'u»©zdgor}Synz½KeRdGm:zr¥$_¬­x¹oryne3½qynmwuw}cemnm@orc«uw`ce¨zq}
½eRu»­eeRºzemwuw}KzºeRuneRuw}Kzorc eRywynzyGz+uwynzÅ® Ð=zquw}Kzcm/unz¼uw`cemnetynz½KeRdGmXdgov
yneÃEq}yneo¼n`5oreunz¼uw`cetynzunzEzorc unz¼uw`cetceRu»­zywª ½quP­eµuw`}ªÀuw`ceRvÀd/}`+u/½e
ceemmorywv~unz«dgorªeg_¬­xze/J}uw`
uw`ceG`ceRuneRynzeRceR}u»vNzr¥aunzEcopv=m'uwyorcmwd/}Kmnmw}KzNdGe]}Vo
zSor 
	  &* 
 ,4 ! ®
  			$'!	&
	
! "#%$&'()*',+*-/.0)'132/4657
98:#)<;9%+>=?@A&.CB,4D)?@E#F>%$G4D)?!H
!F##(I8<&()?KJL(%;M#NO)PRQ'S#>T/)RU>,"8V&)W$MYXXS
 Q<	>
/'#Z[>\])<^>+_',+`4>5]$a&$(I+>=?Yabc8$Y.(#=!2/4659d .Dbc#((I'[ef(+>)<;6BVAJ\g4fQ<h,h,
Z%E>%iW$0YXX?S#
 j'	
@ki> ")<L?$Y?+l3>Z>',8#m?YnO#8o(#=i2/465pL?$qZ><&("4D,'##%.rF.(#=
ZA'+'$+KY8'(..cBV>J\]4sQ<hASS##t?'F$^%X?XX
 h	3
/'qu03vG$&F.6'+wZ[6".a$&'#xya
/w
/E#E#(8%<&()?>HzlxL?Z)F>&()?{&)	2/465d .
Z>'%(|&bc#o}~8(%8o(%.CB]5O$&)8Y+>(=?.G)'16~\y($.C0bcA%$,<(),'Oe)$&:.#)?E)Z>'%(|&oH
W?.aY+bc#1)$&@'()*Z$&L(8%.Ge7GZ>6baZ#oJ9^?#T%;3)?$:[#T)<L?!W,%$"YXX?#
 U<@n9
/|&'gt#_6))'Y5yyT/'(k!xnO)F?+>=($&(|H	nO$&$'+#'(5]6$)<;9x'+ki]4D)?|H
I'#=?M5]$1)$&'8	)>+>%(#=)'12/465D<bC5(ef(+>Hz
/$YpT/oC;6)$&:[bCTJ9bC
9Hc\#$'8
J9Y.aY'$8J9E)$TG"j#%hAQa%XX'L<'(W#(?E<;9;9;M (#$&( 1$Y SA'JJJg2/<J/JqH
jhAQ# A&V_
.#)$%$L?$.a()(	j'h'&bCn3nrn4D)?>1$&,8o)k%8(.()	'+	4D)A$&)P_E#E
j?S<HcjA'j#AT; $&Y'.%>l)F(.(#>k%8iW$i%XXAU>
 '	?
$&)@'+5]k/$&F.&8#P%2/4659'bc@E#$&)<L(#=MZA'$F#E@k/^@(8%.gWA^!
9+#'E>&(L?92q(@$.O',+
4D)?#=Y.C&()?4D)A&$)?BV>J9(8!4D)@E#F>&$/Z>8(%8o?2y%8##(I8J9E)$29JXS'Hzj%S
RM2q#i
O2¡\)$&F#¢2y$<}~80*','=%@AZE%8o(£,8%<()NO%$&.()?*h BV
O2¡\#)?$F¢2y$&'}~8
*'=?@A9
/\yHc2KHz??U# A
/E#$&(OYXX
 S'@
iq':$q',+"'JM?6?+>$&('YCbzHc2/4659'bc+#($&%8oO2/4651)?$D)W(9u)?.a&.CBV'(5O$&)>8o%%+>(#=?.
)1##GUibc?&$&<&()?'#4D)#1$&8r)k/(I.a$&(W#F#%+4D)@E#F#(#=GZ>^.a%.6¤b46kG4qZV*^
YXX?U#
ab9M(ac
 	

 ]f
 X'@lrr6$&:A@) ',+wlrD5]o&$.a)?Oa2/465 NO=A.%nO+w&)nO+4D)?#=Y.C&()?w
yL)?(+#8o)?
 ")WrbcA%$oCBVgbCn3n3n t')?F#$,'O)wZ%8o%+ 
/$Y.i(p4D)?!F##(I8'().%yNO)?%j]T/) S#
"8o)W$MYXXAU>
%'uiq'I':$(I.#'xAN!5g+>'W#,'#+JMvM<&m2q#0n  %8o&.)1]
.a^@@o$&^)?K2/465
5]$1)$&'8VBV(*
/4q )W#(4D),Z>E>&iW$MYXX
ui'6:$(I.a'N!'T0'5g+>'W#,'Z[Z>%.''+iJ0'vM<m?%
p8)@E'$&(I.a)?0)'1_%8>H
#(.(@.i1)$bc@E#$&)<LA(#=2/465 5y%$a1)?$8o~)<L?$!ef($&%.&.ilx(#:>.CBO(p
/4q Zba 049G	

/F#=F.a0%X?X
YQ<k!D4D#(Fw+{JMrt?'(y
,'^.(I.i)1/`bc8$Y.'k/Y8o$&%.
/=?)$&(|&#.01)?$~4D)?#=Y.C&()?

yL)?(+#8oM(4D)?EF>%$TC;D)?$:>.CBt')?F#$,'_)'164D)?@E#F>%$T/oC;6)$&:.9+*baZ>k"T0NO)P
T/)>E#ExoHh#tF##@%X?SX
%j'J9)?W,%$a/kF#$.CY "$%=)?$^(%$%#+nO$(I8M2y$&L(I.'2/465wnA&.().61)?$/ZE8i4D)@iF#(|H
8%<(),.cBV>(
/4q¡)W(4D)?#T/)<L!W,%$G%XX?#
h"yJ0ynOW,%$aYa2q#KZ><&(K4D)?@iF##(I8'() 
EE#(I8'().iu/',+>W,))?:BVg
$%8 u/)F.
6)?.a)?#l)?+>)?_%X?XA
YU<JM,\y(I+>(#=t#, "aC^>.%,t#*)=Fui\#$&^>.CC^:[#',+K2G,D%$$.CHcl%<au/^AE$/2x$'.a1$
5O$&)'&)>8o)u29295D?oB#J\g47QS#tAF,'$&^KYXX
%'v@\>',+iZ[<\])<^>+_o&Z(!F#I<()#HPW?.aY+i4D)@E$(I.a)?.)12y#)'J9%#)<+!Z>
/46vf2/465gB
4D)?EF>%$4D)@iF#(8%<()J9%LA(;M>NO)?RQ'#T), jt'F#^YXX
@Z[Y\])<^>+_V&4D)?##Y8V(),._;9(|&iF#(E#q4D)=%.aY+M G<%;6^>.[(05g8:aHCZ;9(&8#Y+"T/oC;6)$&:>.
5g'$K#HP;q^	2x$<}~8BVD4D)@E#F#$4D)?!F##(I8'(){J9%L(%;M3NO)P Q#3T/)RU>6"8o)W$
YXX#?
%S'@Z[[\])<^>+_>2/465f'+nE(I8o(M4D)?#=Y.C&()?T)'&(|£8<&()?BV[4D)@E#F#$M4D)@iF#(8%<&()?J9oH
L(;M#NO)?RQ<h,T/)RU>,"8o)W$MYXXh
%X'@Z[[\])<^>++2G[u%+>$.)Bc2q!T%;J9)K)>+>(£,8'()*&)`2/4659d ."\.a"J%8o)<L?$&^`
/|H
=?)$&(|&#!B#J\g47Q?U'S?Q#>
E#$&(r%XX?X#
RQ''@Z[\])<^>+',+Nit?8)W.)#J',+>)n3$^*k/Y8V()=?'%;6^>.91)?$i4D)#=?%.a()
yL)?(+H
8ooB>bCn3nrnD<
/4q 2y$&.?8V&()?.6)ToC;6)$&:(=NO)P?#T), h,#E#jXYHzhYj#
F#=?F.CMYXXj
RQ>JM< ")<^?<JM<t?'('Z[Yv)'#'	< ")<^?<Z[<\#i^?+0"YN3'+#)?$?2y$&'}8D*'=%%A
1)?$i2/465DbC5)<L?$iZ>'%(|&oHc
O2 TC;D)?$:>.CBbCnrn3n 4D)?!F##(I8'().0*=?m(#g*'$8
YXXX
RQQ<n9Du/.#%Kga
/'^>.a(I.@)'1"$&+>)? +>$)?E1)?$=?<&;q^ 8o)=%.a()w8o)??&$)?BVrJ9%E,)?$a~lg4qZ
29JqHzh?AU>>lxW,)?$&')?$^1)$4D)?@E#F>%$/Z>8o(,8obC2G46'!W#$&(+>=?#*
i%X?SX#
RQ'j'2G]u,+>$.a)? '+	JM u0gvM<&m2y$&.aE)$05O$&)')>8)I.G1)$0bcA&$&#oHC4D)?E,<(W#Z><&(
T/oC;6)$&:.CBVYbCnrn3nt)F$?)?Z%Y8V&%+i
/$Y.y(4D)@iF#(8%<&()?.<NO)?><T)RQ>'\W#$&F$^
YXXX
MJMONPQRQR
A   4& ( &'  	
F )
RQ<h2G_u%+>%$&.)[n9Z>#)$&(Z[*846'#_'+JMui_vM<m?abc@E#$&)<LA(#=\,'($%.&.)'1r2/465
4D)?#=Y.C&()?{
xL?)(I+#',8oVBVgbCn3n3n ")?W,Y8o)? 4D)?>1$&,8orZ>^+##^?3
F.a$'(3T)<L?iW$
YXXS
RQU<@t_u),abc@E#$&)<LA(#=&#~ZA&$aHPFE6L()$")'1D*4D)=%.a()	4D)A$&)3Z>8#%@i1)?$G2/465gB
Zba 049G Z^@E,)A.a(F#)?4D)@iF#(8%<&()?.y
/$&8(|&%8V&F#$&%.]'+053$))>8o)?.%<
F#=?F.Cq%X?X
RQ''!N!t?8o)?W.)?4D)=%.a()L)?(+'8G+*8o)?A$&)|B>(
/4q Zba 049G ZA'>1)?$&+__46
0
-"Z>
0
/F#=F,.C0YXSS
RQ?!N!xt?8o)W,.a)?#&4D)?E$Y..(=`2/465D<bC5su/%+#$.1)?$0l)<;qHc.aEY+Z$&(I'Ol(#:>.cBVJ\g4%hh,
\W#$&F'$&^*%X?X
RQ'S'!N!Dt?8o)?W.a)?rJMDD$+#6'+wkiDD)?$]2/465n ,.a().1)?$~u(=f5]$1)$&'8VBV
J\g4Yj?Qj#>*^%X?X?Q#
RQ'X'2G Ni>lx:>.a#'+`-0#*?+>#)<;M'a2q/E$1)$&@8o)'1y2/4656bC5 1)?$q#oC;6)$&:>.3;9((=?
W+>;9(I+#Hz+>%^E#$&)>+>F8V.r+@$&+>)? )?.&.cBVbCnrn3nD<
/4q 2x$',.?8V(),.g)T/oC;6)$&:A(#=,
E#Exjj?<Hcj?U'AtF##YXXA>
 j'2GN!yly':>.a@y-i]*?+>#)<;M]'+	"yZF>&$Y[aef(+>)<;qHzW.%+$&$)?$G$Y8o)<L%$^*+  )<;
8)A$&)#;9(`0.a)<;f8:#)<;9%+>=?@Ar8'#Py!.C&F+>^)'1x2/465D<bC5 E,%$a1)?$8ooB?bCT/\]/H
49G	d XA>
 j#k!l(+J0_*)$&$(I.#k/^@(8%.)1DJ+>)nr'$&^ko&%8V&()?BV_bc
/4q Zba 049G	
46##%.%#\#$',8oZ>E>&iW$i%XX
 j?Q<!bV*(#%(i',+J0"4D)#%/u(=>HCZE%+bcA%$o
988%.&.*2q#$)?F#=-(+>($&%8V&()?' ")'H
.a&'()$^ Z><&(4D##%.CBObCnrn3n t)F$D)?wZ%Y8V&%+{
/$Y.!(f4D)@iF#(8%<&()?.
NO)?>#T)RQ>#\W#$&F$^*YXXX
 jj'@	'*'#(I.O',+!t*+#L(Pa\)$&;6$&+M
98:#)<;9%+>=?@A%J9£#(#=G2/465	4D)?#=Y.C&()?4D)>H
&$)?BV>(*
/4q Zba 049G	,
F#=?F.C0YXX?#
 j'h@	_*'#(I.[t#[*',+#L([Z[,\])<^+,',+*
0[J9)')<;M?a2/465sZ%8o(Li
98:#)<;9%+>=?@A
E>&()?.CB#J\g47Q#%S"8V)?W,%$M%X?X#
 j?U<@t5g+>^?>Ni,\y($&)(Fk!2x)<;.^#+*t##vGF$)A.a?)>+>%(#=2/4652q#$&)F#=?#E#F>Y3~Z(H
E#)>+>%'+w(&.nO@E#($(I8N3'(I+#<&()?B6-*
"Z#Z74q*5rZ,4Db2y%8J9E)$29JX?S<HcS
\W#$&F'$&^*%X?XS
 j'@t?k!?5g'$.).%%2q#)?W#(/J?+>()05O$)?E'=A<&()?4D##%BV?5]A&%8~5O$&%.&.Al)?+>)x%X?X?Q#
 jA!N!q5g >.)xDan3+HP)'HcnO+bcA$&#K5g8:?o`k^'@(I8.CBbc
/4q Zba 049G	/46'##Y.
\$&8o?ZE>&!W,%$0%X?XA
 jS'@t#5])?.aP?2x$',.a@(I..()?K4D)A&$)?5O$))>8o)?BV>J\]4<X?j##Z%E>%iW$0YXS#?
 jX'Ti?Z>'$&;6%$&9+ '\,'($F#$.a%J9(>1)$8o%@AO)'12/4656bC5nO$$&)$OJ9Y8o)<L?$&^1)?$gef($&oH
%.&.g4D)?@iF##(I8'().CBV<4D)?EF>%$O4D)?!F##(I8'()0J9%LA(;M<NO)?<Q'S<T)RQ>E#E,j<HcjSY
/E#$&(
YXXS
ab9M(ac
 	

 
 h?'!eyZL?.%2/465Z)<;qHCZA'$%]4D)?#=Y.C&()?
yL)(I+#8o?x\?.CiJ9$'.@(|Yx',+\,.a0J9oH
8)<L$&^~
=)?$(@.CBVJ/\]4sQ'>tF'$&^*%X?XA
 hlr ['#=,Z_Z#:?$YA+k! k!4D$:[<&W,.a%$L<<&()?.O)?~"k^'@(I8.D)'1x4D)?#=Y.C&()?
4D)??&$)?
=)?$(#32q#0n  Y8V&.)'1O2x;6)'Hze^~2y$<}~8BV>bc*
/4q Z>ba 049G	,Z%E>%iW$
YXX#?
 hAQ<i ['#=,_kik%lxF8o(I#_"_J9^F'+Z[_k)#&Z><&(~4D)@iF#(8%<&()?./(&#~ ")?W'
bcA%$o%xbC..F#%.%5O(|1¤'.%<'+i5y)%?&(BVYbCT/n32Gd XA>vGF,'I9lF#@E#F#$Y'*'I^>.a(I#t'F#%X?XA>
MJMONPQRQR
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
